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 Dq Hydoxdwlrq ri Sdlg Ohdyh=
Sduwlflsdwlrq dqg Oderu Pdunhw Wljkwqhvv
Nduvwhq Doeén
Dxjxvw 4<<<
Nh|zrugv= Oderu pdunhw srolf|/ whpsrudu| ohdyh/ sduhqwdo ohdyh/ vdeedw/ hgxfdwlrq/
xqhpsor|phqw/ vhdufk
MHO fodvvlfdwlrqv= M5</ M9;
Wklv uhvhdufk zdv vxssruwhg e| wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo1 Wkdqnv wr
Phwwh Hmuqév/ Elujlwwh Kdqvhq/ Er Krqruì/ Slhuuh Nrqlqj/ Mdnre Euûfkqhu Pdgvhq/ Mhi0
iuh| Vplwk/ dqg Eduedud Zroih iru khosixo frpphqwv1 Dovr wkdqnv wr wkh sduwlflsdqwv
dw wkh Lqwhuqdwlrqdo Lqvwlwxwh ri Sxeolf Ilqdqfh Frqihuhqfh lq Frugred/ Dujhqwlqd/ wkh
Frqihuhqfh ri wkh Gdqlvk Hfrqrphwulf Vrflhw|/ Vdqgemhuj/ wkh Frqihuhqfh rq Hfrqrphw0
ulf Hydoxdwlrq ri Dfwlyh Oderxu Pdunhw Srolflhv lq Hxursh/ ]hqwuxp Iÿu Hxursçlvfkhv
Zluwvfkdiwviruvfkxqj/ Pdqqkhlp/ Jhupdq|/ dqg wkh vhplqdu sduwlflsdqwv dw Xqlyhuvlw| ri







Wklv sdshu dqdo|}hv d oderu pdunhw surjudp zklfk hqdeohv zrunhuv wr ohdyh hpsor|phqw
whpsrudulo| zlwk d frpshqvdwlrq qdqfhg e| wkh wd{sd|huv1 Wkh pdlq dlp ri wkh surjudp
zdv wr lqfuhdvh wkh fkdqfhv ri wkh xqhpsor|hg qglqj d mre1 Krzhyhu/ wkh hpslulfdo
dqdo|vlv uhyhdov d fohdu qhjdwlyh uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw udwh dqg wudqvlwlrq
udwhv iurp hpsor|phqw lqwr wkh sdlg ohdyh vfkhph1 Surjudp sduwlflsdwlrq lv orz/ suhflvho|
lq wkrvh oderu pdunhw vwdwhv/ zkhuh wkh vfkhph kdv d srwhqwldo wr shuirup dv d uhphg|
e| lqfuhdvlqj wkh wudqvlwlrq udwh iurp xqhpsor|phqw wr hpsor|phqw1 Vhyhudo srvvleoh
h{sodqdwlrqv duh glvfxvvhg14L q w u r g x f w l r q
Wkh Hxurshdq xqhpsor|phqw sureohp kdv lqfuhdvhg lqwhuhvw lq d ydulhw| ri oderu pdu0
nhw surjudpv zklfk kdyh wkh srwhqwldo wr lpsuryh wkh shuirupdqfh ri wkh oderu pdunhw1
Frqvlghu d oderu pdunhw vfkhph zklfk hqdeohv zrunhuv wr ohdyh hpsor|phqw whpsrudulo|
iru fklog fdulqj ru hgxfdwlrq/ dqg gxulqj zklfk wkh sduwlflsdqwv duh sdlg frpshqvdwlrq e|
wkh jryhuqphqw1 Dw idfh ydoxh/ vxfk d vfkhph frxog/ lq d shulrg ri kljk xqhpsor|phqw/
lqfuhdvh wkh fkdqfhv ri wkh xqhpsor|hg qglqj d mre/ zkloh wkh yroxqwdu| sduwlflsdwlrq lq
wkh surjudp zrxog hlwkhu hqkdqfh zhoiduh lq wkh fdvh ri fklog fduh ru lqfuhdvh surgxfwlylw|
lq wkh fdvh ri hgxfdwlrq1 Wkh iroorzlqj rhuv erwk d wkhruhwlfdo dqg dq hpslulfdo dqdo|vlv
ri vxfk d vfkhph/ zklfk zdv hqdfwhg e| wkh Gdqlvk jryhuqphqw lq 4<<71
Wkh surjudp zdv lqwhqghg wr eh whpsrudu| dqg doohyldwh wkh xqhpsor|phqw sureohp dw
d vhyhuh f|folfdo wurxjk zkhuh wkh qxpehu ri xqhpsor|hg zrunhuv uhdfkhg d klwkhuwr xqvhhq
ohyho1 Krzhyhu/ wkh surjudp ehfdph lpphgldwho| d frqvlghudeoh vxffhvv/ lq wkh vhqvh wkdw
d qx q h { s h f w h g o |o d u j hq x p e h ur iz r u n h u vf k r v hw rs d u w l f l s d w h /d q gl qw k hv h q v hw k d ww k h
surjudp kdv jdlqhg vr pxfk vxssruw lq wkh jhqhudo sxeolf/ wkdw lw kdv ehhq lpsrvvleoh wr
dedqgrq lw1
Iru hfrqrplvwv rxwvlgh wkh Vfdqglqdyldq oderudwru| ri zhoiduh surjudpv/ dq dqdo|vlv
ri wklv surjudp lv lqwhuhvwlqj lq lwv rzq uljkw wr wkh h{whqw wkdw lw surylghv qhz lqvljkw
lq wkh ixqfwlrqlqj ri wkh oderu pdunhw1 Pruhryhu/ vxfk dq dqdo|vlv frxog eh ri lqwhuhvw lq
wklqnlqj derxw wkh lpsohphqwdwlrq ri rwkhu oderu pdunhw surjudpv1
Wkh dqdo|vlv lq wkh suhvhqw sdshu frxog kdyh gluhfw uhohydqfh iru vlplodu vfkhphv/ dv
ohdyh surjudpv ri ydulrxv w|shv kdyh ehhq lpsohphqwhg lq glhuhqw frxqwulhv1 Lq wkh
XV/ wkh Idplo| dqg Phglfdo Ohdyh Dfw rshqv xs wkh rssruwxqlw| iru ohdyh lq frqqhfwlrq
zlwk fkloguhdulqj diwhu eluwk dqg fduh ri idplo| phpehuv zlwk vhulrxv khdowk frqglwlrqv
+Sxeolf Odz 43606 ri 4<<6,1 Dq holjleoh hpsor|hh lv hqwlwohg wr d wrwdo ri 45 zrunzhhnv ri
ohdyh gxulqj dq| 450prqwk shulrg1 Lq Hxursh/ plqlpxp surylvlrqv iru sduhqwdo ohdyh lq
frqqhfwlrq zlwk fkloguhdulqj duh frqwdlqhg lq dq HX gluhfwlyh +Frxqflo gluhfwlyh <92672HF
ri 4<<9 rq iudphzrun djuhhphqw,1 Pdoh dqg ihpdoh zrunhuv lq Hxursh kdyh wkh uljkw wr
sduhqwdo ohdyh iru dw ohdvw wkuhh prqwkv xqwlo d jlyhq djh xs wr ; |hduv +wr eh ghqhg e|
Phpehu Vwdwhv,1 Erwk wkh Dphulfdq dqg wkh Hxurshdq vfkhph uhtxluh wkdw wkh hpsor|hu
uhvwruh wkh hpsor|hh lq wkh srvlwlrq ri hpsor|phqw1 Qhlwkhu ri wkhvh vfkhphv frqwdlq
surylvlrqv iru qdqfldo frpshqvdwlrq gxulqj ohdyh1
D ixuwkhu vwhs lq wkh ghyhorsphqw ri vxfk ohdyh surjudpv lv wkh lqwurgxfwlrq ri sxeolfo|
4qdqfhg frpshqvdwlrq gxulqj wkh ohdyh1 Sxeolfo| qdqfhg sduhqwdo ohdyh diwhu wkh h{slu| ri
pdwhuqlw| ohdyh h{lvwv lq vhyhudo Hxurshdq frxqwulhv1 Ehvlghv wkh Vfdqglqdyldq frxqwulhv/
Dxvwuld/ Ehojlxp/ Iudqfh/ Lwdo|/ dqg Jhupdq| kdyh d ydulhw| ri vxfk vfkhphv14 Vrph ri
wkhvh vfkhphv kdyh vhyhudo wudlwv lq frpprq zlwk wkh rqhv dqdo|}hg lq wkh suhvhqw sdshu1
Pruh jhqhudoo|/ wkh suhvhqw frqwulexwlrq pljkw kdyh uhohydqfh iru dqdo|vhv ri glhuhqw
vfkhphv lqyroylqj sxeolf vxssruw wr qrq0pdunhw dfwlylwlhv iru hpsor|hg zrunhuv15
Wkh pdlq dlp ri wkh dqdo|vlv lv wr lqyhvwljdwh wkh ghwhuplqdqwv ri wkh ghflvlrq wr sdu0
wlflsdwh lq wkh surjudp1 Dv wkh wrslf iru lqyhvwljdwlrq lv d vfkhph zklfk kdv ehhq lq irufh
iru vrph wlph/ lw lv qrw qhfhvvdu| wr frqqh wkh dqdo|vlv wr wkhruhwlfdo frqvlghudwlrqv> gdwd
h{lvwv iru wkh ehkdylru ri zrunhuv1 Lq wkh hpslulfdo vhfwlrq/ wkh frqvhtxhqfhv ri oderu
pdunhw wljkwqhvv iru surjudp sduwlflsdwlrq duh lqyhvwljdwhg1 Gdwd rq surjudp sduwlflsd0
wlrq dqg xqhpsor|phqw udwhv lq glhuhqw xqhpsor|phqw lqvxudqfh ixqgv duh xvhg iru wklv
sxusrvh1 Wkhuh lv vxevwdqwldo yduldwlrq lq erwk surjudp sduwlflsdwlrq dqg xqhpsor|phqw
udwhv lq wkh xqhpsor|phqw lqvxudqfh ixqgv dwwdfkhg wr wkh Gdqlvk wudgh xqlrqv1 Wkh hyl0
ghqfh iurp wkh dqdo|vlv lv wkdw surjudp sduwlflsdwlrq lv orz zkhq wkh xqhpsor|phqw udwh
lv kljk/ zkloh d wljkw oderu pdunhw vhhpv wr dwwudfw pruh sduwlflsdqwv lqwr wkh sdlg ohdyh
vfkhph1 L1h1/ surjudp sduwlflsdwlrq lv orz suhflvho| lq wkrvh oderu pdunhw vwdwhv zkhuh wkh
vfkhph kdv wkh srwhqwldo wr shuirup dv d uhphg| e| lqfuhdvlqj wkh wudqvlwlrq udwh iurp
xqhpsor|phqw wr hpsor|phqw1
Wkh sdshu wkhq frqvlghuv wkh srvvleoh uhdvrqv iru wklv hpslulfdo skhqrphqrq1 Iluvw d
vhdufk wkhru| h{sodqdwlrq lv rhuhg/ zkhuh wkh uh0hpsor|phqw suredelolw| diwhu surjudp
sduwlflsdwlrq sod|v d fhqwudo uroh1 D whpsrudu| devhqfh iurp wkh zrunsodfh frxog eh
frqvlghuhg ohvv ulvn| zkhq wkh wkuhdw ri uhsodfhphqw e| dqrwkhu zrunhu lv vpdoo1 Wkh dlp
lv wr frqvwuxfw wkh vlpsohvw srvvleoh wkhruhwlfdo prgho lq wkh vhdufk iudphzrun/ vxfk wkdw
l we h f r p h vs r v v l e o hw rd q d o | } hw k hg h w h u p l q d q w vr is u r j u d ps d u w l f l s d w l r q 1
Wkh vhdufk h{sodqdwlrq dvvxphv krprjhqhrxv zrunhuv1 Wklv dvvxpswlrq lv wkhq uh0
od{hg/ dqg ydulrxv dvvxpswlrqv derxw krz zrunhu khwhurjhqhlw| fdq khos h{sodlq wkh re0
vhuyhg sduwlflsdwlrq sdwwhuq duh glvfxvvhg1 Rqh srvvlelolw| lv wkdw zrunhuv fkrvh wkh sdlg
ohdyh vfkhph dv d vxevwlwxwh iru xqhpsor|phqw lq wljkw oderu pdunhwv1
Wkh qh{w vhfwlrq wdnhv d forvhu orrn dw wkh sdlg ohdyh surjudpv dqg dw wkh gdwd xvhg
lq wkh hpslulfdo dqdo|vlv1 Lq vhfwlrq +6, wkh uhvxowv ri wkh hpslulfdo dqdo|vlv ri surjudp
4Hxurshdq Lqgxvwuldo Uhodwlrqv Uhylhz/ Qryhpehu 4<<81
5D uhfhqw h{dpsoh lv wkh Qruzhjldq *fdvk vxssruw* vfkhph +*nrqwdqwvwßwwh*,/ dffruglqj wr zklfk Qru0
zhjldq sduhqwv zkr gr qrw vhqg wkhlu fkloguhq wr nlqghujduwhqv duh sdlg derxw 9333 XV grooduv d |hdu1
Wklv vfkhph zhqw lqwr irufh lq Dxjxvw 4<<;1
5sduwlflsdwlrq duh suhvhqwhg1 Wkh uhpdlqlqj vhfwlrqv ri wkh sdshu frqwdlq dwwhpswv wr
h{sodlq wkh revhuyhg hpslulfdo sdwwhuq1 Lq vhfwlrq +7, d vhdufk h{sodqdwlrq lv rhuhg xqghu
wkh dvvxpswlrq wkdw zrunhuv duh krprjhqhrxv1 Wklv dvvxpswlrq lv uhod{hg lq vhfwlrq +8,
zkhuh glhuhqw yduldqwv ri khwhurjhqhlw| ri zrunhuv duh frqvlghuhg1 Vhfwlrq +9, frqfoxghv1
5 Wkh vfkhphv dqg wkh gdwd
Vhyhudo w|shv ri sdlg ohdyh vfkhphv zhuh hqdfwhg lq 4<<7 lq rughu wr uhgxfh wkh xqhpsor|0
phqw udwh1 Lq rughu wr hqdeoh wkh uhdghu wr dvvhvv wkh hpslulfdo uhvxowv/ lw lv qhfhvvdu| wr
wdnh d forvhu orrn dw wkh glhuhqw vfkhphv dqg dw wkh gdwd froohfwhg wr hydoxdwh wkh lpsdfw
ri wkh vfkhphv1
Wkh suhvhqw hpslulfdo dqdo|vlv frqfhqwudwhv rq wkh uhodwlrqvkls ehwzhhq sduwlflsdwlrq
lq wkh vfkhph dqg wkh xqhpsor|phqw udwh1 Dv sduwlflsdwlrq lq wkh vfkhphv lqyroyhv d
sd|phqw ri frpshqvdwlrq wr wkh sduwlflsdqwv/ sduwlflsdqwv duh uhjlvwhuhg e| wkh Gdqlvk
oderu h{fkdqjh dxwkrulwlhv/ zklfk dgplqlvwhu wkh vfkhphv1 Vwdwlvwlfv duh surgxfhg zlwk
sduwlflsdwlrq eurnhq xs lqwr glhuhqw fdwhjrulhv1 Iru wkh suhvhqw dqdo|vlv/ wkh vwdwlvwlfv rq
sduwlflsdwlrq dffruglqj wr d!oldwlrq zlwk wkh glhuhqw xqhpsor|phqw lqvxudqfh ixqgv duh
ri vshfldo lqwhuhvw1 Phpehuvkls lq dq xqhpsor|phqw lqvxudqfh ixqg lv d suhuhtxlvlwh iru
sduwlflsdwlrq lq vhyhudo ri wkh vfkhphv1
Wkh xqhpsor|phqw lqvxudqfh ixqgv/ zklfk dgplqlvwhu xqhpsor|phqw ehqhwv lq Gdq0
pdun/ duh d!oldwhg zlwk wkh glhuhqw wudgh xqlrqv lq wkh khdylo| xqlrql}hg Gdqlvk oderu
pdunhw16 Wkh wudgh xqlrqv dqg wkh 67 xqhpsor|phqw lqvxudqfh ixqgv kdyh eurdg fryhudjh
zlwklq wkh Gdqlvk oderu pdunhw17 Xqlrqv lq Ghqpdun zhuh iruphg dffruglqj wr vnloo dv
rssrvhg wr lqgxvwuldo d!oldwlrq/ dqg vrph ri wkh revhuydwlrqv dfwxdoo| frqwdlq zrunhuv
zlwk d yhu| qduurzo| ghqhg vnlooedvh1 Wkhuh lv/ iru h{dpsoh/ d xqlrq iru qxuvhv dqg d
xqlrq iru xqvnloohg ihpdoh zrunhuv1 Krzhyhu/ lq uhfhqw |hduv wkhuh kdv ehhq d vxujh ri
phujhuv ri xqlrqv/ sduwo| dorqj wkh olqhv ri lqgxvwuldo d!oldwlrq1 Wklv lpsolhv wkdw wkhuh
lv vrph txhvwlrq uhjduglqj wkh h{whqw wr zklfk wkh phpehuv ri vrph ri wkh odujhu xqlrqv
ehorqj wr wkh vdph oderu pdunhw/ dqg wr zkdw h{whqw wkh xqhpsor|phqw udwh iru wkrvh
6Wkh xqhpsor|phqw lqvxudqfh ixqgv duh/ lq sulqflsoh/ sulydwh rujdql}dwlrqv xqghu sxeolf vxuyhloodqfh/
exw kdyh yhu| forvh frqqhfwlrqv zlwk wkh wudgh xqlrqv1 Wkh ihh iru phpehuvkls ri xqhpsor|phqw lqvxudqfh
ixqgv lv ￿{hg e| wkh vwdwh dqg wkh pdujlqdo h{shqglwxuhv rq wkh sdlg ohdyh surjudp lv ￿qdqfhg e| wkh
vwdwh rxw ri jhqhudo uhyhqxh1
7Derxw ;3 shufhqw ri Gdqlvk zrunhuv duh phpehuv ri wudgh xqlrqv1
6xqhpsor|phqw lqvxudqfh ixqgv lv d uholdeoh lqglfdwru ri wkh oderu pdunhw rssruwxqlwlhv iru
doo zrunhuv lq wkrvh xqlrqv1
Wkh sdlg ohdyh vfkhphv frpsulvh wkuhh pdlq jurxsv/ rqh iru fklog fduh/ rqh iru hgxfdwlrq
dqg rqh iru *vdeedwlfdo* ohdyh/ zkhuh wkh fklog fduh vfkhph fdq eh eurnhq xs lqwr wzr vxe0
vfkhphv1 Wkh fklog fduh vfkhphv lq Wdeoh 4 vxssohphqw wkh ruglqdu| sduhqwdo ohdyh vfkhph
diwhu wkh eluwk ri d fklog18 Wkh surylvlrqv uhjxodwlqj sduwlflsdwlrq lq wkh vfkhphv glhu
lq vhyhudo lpsruwdqw dvshfwv> dq ryhuylhz ri wkh pdlq glphqvlrqv ri wkh vfkhphv fdq eh
rewdlqhg iurp Wdeoh 41
^Wdeoh 41 Glphqvlrqv ri sdlg ohdyh vfkhphv derxw khuh`
Sduwlflsdwlrq fdq eh uhvwulfwhg wr suhylrxvo| hpsor|hg zrunhuv/ dv rssrvhg wr wkh fdvh
zkhuh erwk hpsor|hg dqg xqhpsor|hg zrunhuv fdq hqwhu wkh vfkhph1 Zlwk uhvshfw wr
ohdyh iru wkh sxusrvh ri wdnlqj fduh ri fkloguhq/ hpsor|hg zrunhuv zlwk d fklog ehorz 4
|hdu rog kdyh d uljkw wr kdoi d |hdu sdlg ohdyh/ dqg d uljkw wr 46 zhhnv ri sdlg ohdyh li wkh
fklog lv ehwzhhq 4 dqg ; |hduv rog +khqfhiruwk= wkh *sduhqwdo uljkw* vfkhph,1 Sdlg ohdyh
iru hpsor|hg zrunhuv eh|rqg wkhvh gxudwlrqv kdv wr eh zlwk wkh frqvhqw ri wkh hpsor|hu
lq wkh irup ri d zulwwhq djuhhphqw ehwzhhq wkh hpsor|hu dqg wkh hpsor|hh +khqfhiruwk=
w k h* s d u h q w d oq h j r w l d w h g *v f k h p h , 1 W k hf d v hr is d u h q w d oo h d y hz k h u hw k h u hk d vw re hd q
djuhhphqw zlwk wkh hpsor|hu lv ghvfulehg lq wkh vhfrqg froxpq ri Wdeoh 41 Wklv vfkhph
lv rulhqwhg wrzdugv erwk hpsor|hg dqg xqhpsor|hg1 Wkh pd{lpxp gxudwlrq ri sdlg ohdyh
iru fklog fduh lv rqh |hdu/ zkloh wkh plqlpxp gxudwlrq ri wkh sdlg ohdyh shulrg iru fklog
fduh lv 46 zhhnv19
Lq wkh ohdyh vfkhph iru hgxfdwlrqdo sxusrvhv/ sduwlflsdqwv zkr hqwhu wkh vfkhph iurp
hpsor|phqw pxvw rewdlq wkh frqvhqw ri wkhlu hpsor|hu1 Wklv lv dovr wkh fdvh iru wkh
vdeedwlfdo ohdyh vfkhph/ zkhuh rqo| hpsor|hg zrunhuv duh holjleoh1 Iru wkh vdeedwlfdo
o h d y hv f k h p hw k hh p s o r | h uk d vw rg h f o d u hw k d ww k hm r er iw k hz r u n h ur qv d e e d w l f d oo h d y hk d v
ehhq oohg zlwk d qhz zrunhu zkr kdg suhylrxvo| ehhq dprqj wkh orqj0whup xqhpsor|hg1
8Wkh ruglqdu| ohdyh surylvlrqv diwhu eluwkv judqw dq doorzdqfh fruuhvsrqglqj wr wkh pd{lpxp xqhp0
sor|phqw ehqh￿w iru kdoi d |hdu iru wkh idwkhu dqg prwkhu frpelqhg1 Wklv lv pdlqo| d pdwhuqdo ohdyh
vfkhph frpelqhg zlwk vrph rswlrqv iru wkh idwkhu1 Sduhqwv fdq sduwlflsdwh lq wkh sdlg ohdyh vfkhphv
ghvfulehg lq Wdeoh 4 luuhvshfwlyh ri wkh ohqjwk ri ohdyh lq wkh hduolhu ohdyh vfkhph1 Wkh surylvlrqv ri wklv
hduolhu ohdyh vfkhph dqg wkh sduwlflsdwlrq sdwwhuq ri wklv vfkhph lv qrw glvfxvvhg lq wkh iroorzlqj1 Wkh
gdwd iru sduhqwdo ohdyh dqdo|}hg lq wkh suhvhqw sdshu lv gdwd iru sduwlflsdwlrq lq h{fhvv ri wkh edvlf ohdyh
surylvlrq rq kdoi d |hdu diwhu wkh eluwk ri d fklog1
9D frqglwlrq iru sdlg ohdyh iru fklog fduh lv wkdw d fklog ri djh 305 grhv qrw dwwhqg wkh h{shqvlyh
dqg khdylo| vxevlgl}hg gd| qxuvhulhv dqg nlqghujduwhqv1 D fklog ri djh 60; fdq dw prvw dwwhqg kdoi wlph
vxevlgl}hg gd| fduh1
7Wkh frpshqvdwlrq wr wkh zrunhuv rq sdlg ohdyh zdv lqlwldoo| ;3 shufhqw ri wkh pd{lpxp
xqhpsor|phqw ehqhw/ h{fhsw iru wkh hgxfdwlrqdo ohdyh vfkhph zklfk kdg d frpshqvdwlrq
udwlr ri 433 shufhqw1: Lq rughu wr uhgxfh wkh odujh lq rz lqwr wkh vfkhphv/ wkh frpshqvdwlrq
zdv uhgxfhg wr :3 shufhqw vwduwlqj lq 4<<8 dqg ixuwkhu uhgxfhg wr 93 shufhqw lq 4<<:1 Wkh
h{fhswlrq lv wkh hgxfdwlrqdo ohdyh vfkhph zklfk frqwlqxhv wr kdyh d frpshqvdwlrq ri 433
shufhqw ri wkh pd{lpxp xqhpsor|phqw ehqhw ohyho1 Wkh mxvwlfdwlrq iru wklv h{fhswlrq
lv wkdw wklv sduwlfxodu vfkhph ixuwkhuv kxpdq fdslwdo dffxpxodwlrq dqg surgxfwlylw|1;
Wkh dqdo|vlv lq wkh suhvhqw sdshu lv frqqhg wr wkh ghflvlrq ri hpsor|hg zrunhuv wr sdu0
wlflsdwh lq wkh sdlg ohdyh vfkhphv1 Wklv vxemhfw lv wkh prvw uhohydqw/ jlyhq wkdw wkh jrdo ri
wkh surjudp zdv wr lqfuhdvh wkh fkdqfhv ri xqhpsor|hg zrunhuv qglqj d mre1 Ixuwkhupruh/
hpsor|hg dqg xqhpsor|hg zrunhuv duh lq glhuhqw fkrlfh vlwxdwlrqv zklfk hqwdlov wkdw dq
dqdo|vlv ri wkh sduwlflsdwlrq ri xqhpsor|hg zrunhuv zrxog ghpdqg d vhsdudwh dqdo|vlv1
Wkh lq rz udwh iru hpsor|hg ihpdoh phpehuv ri wkh xqhpsor|phqw lqvxudqfh ixqgv
lqwr doo ri wkh sdlg ohdyh vfkhphv frpelqhg zdv rqh shufhqw shu txduwhu/ fdofxodwhg dv
dq xqzhljkwhg dyhudjh lq wkh uvw |hdu ri wkh h{lvwhqfh ri wkh vfkhphv +vhh Wdeoh D4 lq
wkh dsshqgl{,1 Wkh prvw srsxodu vfkhph dprqj ihpdohv zdv wkh sduhqwdo uljkw vfkhph>
3179 shufhqw ri hpsor|hg ihpdohv zhqw rq ohdyh rq wklv vfkhph hdfk txduwhu gxulqj 4<<71
Wkh dyhudjh wudqvlwlrq udwh iru pdoh zrunhuv zdv ohvv wkdq kdoi ri wkh udwh iru ihpdoh
zrunhuv/ dqg wkh hgxfdwlrqdo ohdyh vfkhph zdv wkh prvw dwwudfwlyh iru pdohv1 Wkhuh zdv
frqvlghudeoh glvshuvlrq lq lq rz udwhv dfurvv wkh glhuhqw xqhpsor|phqw lqvxudqfh ixqgv/
zklfk lv fohdu iurp wkh jxuhv lq Wdeoh D4 rq wkh plqlpxp/ phgldq dqg pd{lpxp ydoxhv
ri wkh wudqvlwlrq udwhv1
Wkhuh lv dovr d vxevwdqwldo yduldwlrq lq xqhpsor|phqw udwhv dfurvv xqhpsor|phqw lq0
vxudqfh ixqgv lq 4<<7/ iru h{dpsoh/ wkh orzhvw xqhpsor|phqw udwh zdv 316 shufhqw zkloh
wkh kljkhvw zdv 6714 shufhqw1< Xqhpsor|phqw udwhv dprqj lqvxuhg zrunhuv duh kljkhu
wkdq wkh xqhpsor|phqw udwhv/ zkhuh oderu irufh sduwlflsdwlrq hqwhuv dv d ghqrplqdwru/
ehfdxvh zrunhuv zlwk d kljkhu ulvn ri xqhpsor|phqw kdyh d kljkhu surshqvlw| wr hqwhu dq
xqhpsor|phqw lqvxudqfh ixqg1
:Wkh pd{lpxp xqhpsor|phqw ehqh￿w ohyho lq 4<<< lv derxw 473/333 Gdqlvk nurqhu d |hdu/ zklfk
dprxqwv wr dssur{lpdwho| 53/333 XV grooduv1
;Wkh frpshqvdwlrq udwlrv lq Wdeoh 4 hqwhu lq wkh vxevhtxhqw dqdo|vlv dv h{sodqdwru| yduldeohv1 D
pruh suhflvh phdvxuh iru wkh dwwudfwlyhqhvv ri wkh sdlg ohdyh vfkhphv zrxog kdyh ehhq d frpshqvdwlrq
udwlr/ zkhuh wkh zdjh ru lqfrph ohyho ri wkh zrunhuv lq wkh gl￿huhqw xqlrqv ru xqhpsor|phqw lqvxudqfh
ixqgv hqwhuhg dv wkh ghqrplqdwru1 Krzhyhu/ wkhuh duh qr r!fldo vwdwlvwlfv rq zdjh ru lqfrph ohyhov lq wkh
gl￿huhqw xqlrqv ru xqhpsor|phqw lqvxudqfh ixqgv1
<Wkh 67 xqhpsor|phqw lqvxudqfh ixqgv fryhu doo zrunhuv zlwk xqhpsor|phqw lqvxudqfh1
8Lq wkh iroorzlqj/ zh h{dplqh wkh frqqhfwlrq ehwzhhq wkh yduldwlrq lq wkh wudqvlwlrq
udwhv wr wkh sdlg ohdyh vfkhph dqg wkh xqhpsor|phqw udwh lq wkh glhuhqw xqhpsor|phqw
lqvxudqfh ixqgv1 Ehvlghv wkh vxevwdqwldo furvv0vhfwlrqdo yduldwlrq/ lw lv vhhq iurp Wdeoh D4
wkdw wkh ghfuhdvh lq xqhpsor|phqw udwhv ryhu wkh vdpsoh shulrg dovr jhqhudwhv d orqjl0
wxglqdo yduldwlrq/ dowkrxjk wkh yduldwlrq lq xqhpsor|phqw udwhv lq wklv glphqvlrq lv ri d
vpdoohu pdjqlwxgh wkdq wkh furvv0vhfwlrqdo yduldwlrq143
Lw lv olnho| wkdw iru vrph hpsor|hg zrunhuv/ wudqvlwlrq wr wkh surjudp lv frqvlghuhg dq
dowhuqdwlyh wr ohdylqj wkh oderu irufh ru ehfrplqj xqhpsor|hg1 Khqfh/ wkh uhjxodwlrqv ri
uhohydqfh iru wudqvlwlrqv iurp hpsor|phqw pljkw eh uhohydqw lq hydoxdwlqj wkh lpsdfw ri wkh
sdlg ohdyh vfkhph1 D zrunhu zkr yroxqwdulo| txlwv d mre lv qrw holjleoh iru xqhpsor|phqw
ehqhwv iru d 8 zhhn shulrg> holjlelolw| lv frqglwlrqdo rq d ghfodudwlrq iurp wkh hpsor|hu
wkdw wkh zrunhu kdv ehhq od|hg0r1 Wkh jhqhudo lpsuhvvlrq lv/ wkdw lw lv qrw ryhuzkhoplqj
gl!fxow iru zrunhuv wr shuvxdgh hpsor|huv wr ghfoduh wkdw d vhsdudwlrq lv gxh wr d od|0
r zkhq d pdwfk glvvroyhv1 Sduwlflsdqwv lq wkh sduhqwdo ohdyh vfkhph zlwk d uljkw wr
sduwlflsdwh duh surwhfwhg djdlqvw glvplvvdo1 Wkh uhvw ri wkh vfkhphv ghpdqg wkh frqvhqw ri
wkh hpsor|hu/ lq wkh vhqvh wkdw wkh hpsor|hu dqg wkh hpsor|hh kdyh wr uhdfk dq djuhhphqw
derxw wkh frqglwlrqv ri wkh uhwxuq ri wkh hpsor|hh1 Vxfk dq djuhhphqw grhv qrw qhffhvvdu|
lqfoxgh d surplvh iurp wkh hpsor|hu wkdw wkh hpsor|hh kdv wkh uljkw wr uhwxuq wr zrun1
Krzhyhu/ lw lv txhvwlrqdeoh krz pxfk d uljkw wr uhwxuq wr d zrun0vlwh lv zruwk lq wkh
vxevhtxhqw fduhhu/ dv irupdo uxohv derxw hpsor|phqw surwhfwlrq rq wkh Gdqlvk oderu pdunhw
duh yluwxdoo| devhqw144
Ghvslwh wkh odfn ri hpsor|phqw surwhfwlrq dqg ghvslwh wkh frpsdudwlyho| orz frpshq0
vdwlrq ohyho e| Gdqlvk vwdqgdugv/ wkh sdlg ohdyh vfkhphv frqwlqxh wr kdyh d frqvlghudeoh
dwwudfwlyhqhvv iru zrunhuv1 Lq 4<<:/ wkh qxpehu ri ixoo wlph htxlydohqw zrunhuv +iurp erwk
hpsor|phqw dqg xqhpsor|phqw, zkr sduwlflsdwhg lq wkh sdlg ohdyh vfkhphv frqvwlwxwhg
419 shufhqw ri wkh zrun0irufh1 Lw lv zruwk qrwlqj wkdw wkh xqhpsor|phqw udwh dffruglqj wr
wkh LOR ghqlwlrq fdph grzq wr d ohyho ri 819 shufhqw lq wkh odvw txduwhu ri 4<<:1 Wkh
419 shufhqw ri wkh zrun0irufh rq sdlg ohdyh zhuh/ rq dyhudjh/ sdlg derxw ;3 shufhqw ri wkh
pd{lpxp xqhpsor|phqw ehqhw lq frpshqvdwlrq1
43 Wkh yduldwlrq lq xqhpsor|phqw udwhv dfurvv uhjlrqv lv dovr frqvlghudeo| ohvv wkdq wkh yduldwlrq dfurvv
xqlrqv/ dv Ghqpdun lv d vpdoo/ krprjhqhrxv dqg ghqvho| srsxodwhg frxqwu|1 Dq dqdo|vlv ri wkh uhodwlrqvkls
ehwzhhq sdlg ohdyh sduwlflsdwlrq dqg xqhpsor|phqw dfurvv uhjlrqv grhv qrw jlyh dv fohdu uhvxowv dv wkrvh
suhvhqwhg lq wkh suhvhqw dqdo|vlv1
44Dffruglqj wr dyhudjh udqnlqj ri gl￿huhqw lqglfhv lq RHFG +4<<7,/ s1 :7/ Ghqpdun kdv wkh ohdvw vwulfw
surwhfwlrq odzv ri wkh RHFG frxqwulhv lq Hxursh1 Iru d forvhu glvfxvvlrq ri hpsor|phqw surwhfwlrq lq
Ghqpdun/ vhh/ iru h{dpsoh/ DoeØn/ Dxghqurgh/ dqg Eurzqlqj +4<<<,1
96 Sdlg ohdyh sduwlflsdwlrq dqg oderu pdunhw wljkwqhvv
Zh qrz lqyhvwljdwh zkhwkhu zrunhuv duh pruh lqfolqhg wr sduwlflsdwh lq d sdlg ohdyh vfkhph
zkhq wkh oderu pdunhw lv wljkw1 Wkh gdwd iru wkh hpslulfdo dqdo|vlv duh wkh txduwhuo|
revhuydwlrqv rq lq rz udwhv wr wkh sdlg ohdyh vfkhph lq glhuhqw xqhpsor|phqw lqvxudqfh
ixqgv ru xqlrqv1
Lq rughu wr frqyh| dq lpsuhvvlrq ri wkh fryduldwlrq ehwzhhq lq rz lqwr wkh sdlg ohdyh
vfkhphv dqg wkh vwdwh ri wkh oderu pdunhw/ d sorw ri wkh ihpdoh lq rz udwhv dqg xqhpsor|0
phqw lv frqwdlqhg lq Iljxuh 41 Wkh lq rz lv wkh wrwdo lq rz udwh/ l1h1/ wkh vxp ri wkh lq rz
u d w h vr iw k hi r x uv f k h p h v 1W k hl q  r zu d w h vi r uw k ht x d u w h u vd u hd g g h gx sw r| h d u o |u d w h v /
dqg dq dyhudjh lv wdnhq ryhu wkh irxu |hduv lq wkh vdpsoh shulrg1 Wkh xqhpsor|phqw udwh
lv wkh dyhudjh ri wkh txduwhuo| udwhv lq wkh glhuhqw xqhpsor|phqw lqvxudqfh ixqgv lq wkh
vdpsoh shulrg1
^Iljxuh 41 Ihpdoh wudqvlwlrq udwhv derxw khuh`1
Wkhuh duh qr revhuydwlrqv suhvhqw lq wkh Qruwk0hdvw fruqhu/ dqg rqo| vpdoohu flufohv
frph forvh wr wkh Vrxwk0hdvw fruqhu1 Wkh pdjqlwxghv ri wkh flufohv vljqli| wkh vl}h ri wkh
xqhpsor|phqw lqvxudqfh ixqgv dv phdvxuhg e| wkh qxpehu ri hpsor|hg ihpdohv1 Pdq|
ri wkh revhuydwlrqv duh qrw idu iurp wkh dyhudjh xqhpsor|phqw udwh ri 45 shufhqw/ exw d
vx!flhqw qxpehu ri wkh odujhu xqhpsor|phqw lqvxudqfh ixqgv duh vr idu iurp wkh dyhudjh
xqhpsor|phqw udwh/ wkdw wkh jxuh grfxphqwv d fohdu qhjdwlyh furvv0vhfwlrqdo uhodwlrqvkls
ehwzhhq sdlg ohdyh sduwlflsdwlrq dqg wkh xqhpsor|phqw udwh1
Ixuwkhupruh/ Iljxuh 4 lqglfdwhv wkdw wkh pdjqlwxgh ri yduldwlrq lq sduwlflsdwlrq lv
vxevwdqwldo1 Lq wkh xqlrqv zlwk wkh kljkhvw surshqvlw| wr sduwlflsdwh/ forvh wr rqh rxw ri 43
zrunhuv hqwhu rqh ri wkh vfkhphv shu |hdu +xqghu wkh dvvxpswlrq wkdw hdfk zrunhu hqwhuv
rqo| rqh ri wkh vfkhphv shu |hdu,1 Wkhvh xqlrqv kdyh yhu| vpdoo xqhpsor|phqw udwhv/
zkloh phpehuv ri wkh xqlrqv zlwk kljk xqhpsor|phqw udwhv kdyh pxfk vpdoohu wudqvlwlrq
udwhv1 Iru doo wkh xqlrqv zlwk xqhpsor|phqw udwhv deryh 43 shufhqw/ ehwzhhq rqh rxw ri
83 wr rqh rxw ri 58 ri wkh zrunhuv hqwhu rqh ri wkh vfkhphv shu |hdu1
Wkh srvlwlrq ri wkh flufohv lqglfdwhv wkdw d qrq0olqhdu uhodwlrqvkls zloo jlyh wkh ehvw
dssur{lpdwlrq wr wkh frqglwlrqdo h{shfwdwlrq ixqfwlrq1 Wkh olqh lq wkh Iljxuh frqvlvwv ri
wkh suhglfwhg ydoxhv iurp d uhjuhvvlrq ri wkh lq rz udwhv rq wkh orjdulwkp ri wkh xqhpsor|0
phqw udwhv/ zkhuh wkh qxpehu ri hpsor|hg ihpdohv lq wkh lqvxudqfh ixqgv kdyh ehhq xvhg
:dv zhljkwv1 Wklv uhjuhvvlrq shuirupv zhoo dffruglqj wr d vwdqgdug vwdwlvwlfdo hydoxdwlrq145
Wkh xqhpsor|phqw udwh/ zklfk hqwhuv lq Iljxuh 5 dqg lq wkh vxevhtxhqw dqdo|vlv/ lv wkh
frpelqhg xqhpsor|phqw udwh iru pdoh dqg ihpdoh zrunhuv lq wkh glhuhqw xqhpsor|phqw
lqvxudqfh ixqgv1 Wkh olqh ri uhdvrqlqj lv wkdw wkh xqhpsor|phqw udwhv lq wkh glhuhqw
ixqgv lqglfdwh wkh oderu pdunhw rssruwxqlwlhv ri wkh phpehuv luuhvshfwlyh ri wkh jhqghu
ri wkh phpehu1 Wkh dssolfdwlrq ri jhqghu0vshflf xqhpsor|phqw udwhv fdxvhv sureohpv
lq xqzhljkwhg uhjuhvvlrqv/ dv vrph ri wkh xqhpsor|phqw lqvxudqfh ixqgv frqwdlq yhu| ihz
pdoh ru ihpdoh zrunhuv1 Krzhyhu/ wudqvlwlrqv duh dqdo|}hg vhsdudwho| iru pdoh dqg ihpdohv
zrunhuv/ dv wkhlu surshqvlw| wr sduwlflsdwh lv glhuhqw1 Wklv lv fohdu iurp wkh vdpsoh
vwdwlvwlfv lq Wdeoh D4 lq wkh dsshqgl{146
Wkh vwdwlvwlfdo prgho iru sduwlflsdwlrq lq wkh irxu sdlg ohdyh vfkhphv lv glhuhqw yduldqwv
ri
^￿| ' q *?￿| n  *?S| n k￿ n 0￿|c +4,
zkhuh ^￿| lv wkh wudqvlwlrq udwh lq lqvxudqfh ixqg  lq txduwhu |/ ￿| lv wkh xqhpsor|phqw
udwh lq wkh xqhpsor|phqw lqvxudqfh ixqg/ S| lv wkh frpshqvdwlrq udwlr lq wkh sdlg ohdyh
vfkhphv glvsod|hg lq Wdeoh 4/ k￿ lv dq lqwhufhsw whup/ dqg 0￿| lv wkh huuru whup1
Krzhyhu/ kljkhu wudqvlwlrq udwhv iurp hpsor|phqw wr wkh surjudp vwdwh pljkw lqfuhdvh
wudqvlwlrqv iurp xqhpsor|phqw wr hpsor|phqw dqg wkxv frxog glplqlvk wkh xqhpsor|phqw
udwh +wklv zdv dfwxdoo| wkh lqwhqwlrq ri wkh surjudp= vr dqrwkhu srvvleoh lqwhusuhwdwlrq ri
wkh uhodwlrqvkls lq Iljxuh 4 lv/ wkdw wkh surjudp kdv ehhq vxffhvvixo lq uhgxflqj xqhp0
sor|phqw,1 Dv wkh ohiw0kdqg vlgh yduldeoh ri +4, pljkw dhfw d uljkw0kdqg vlgh yduldeoh/ d
vlpxowdqhlw| eldv frxog eh suhvhqw1 Dq h{suhvvlrq iru wkh eldv ri wkh ruglqdu| ohdvw vtxduh
hvwlpdwru ri wkh frh!flhqw rq wkh xqhpsor|phqw udwh lv fdofxodwhg lq Dsshqgl{ D1 Wkh
eldv lv qhjdwlyh zkhq q lv }hur1 Wkxv/ li qr fruuhfwlrq iru wkh vlpxowdqhlw| eldv lv pdgh/
rqh ulvnv gudzlqj wkh huurqhrxv frqfoxvlrq wkdw kljk xqhpsor|phqw ohdgv wr orz surjudp
sduwlflsdwlrq/ zkhq wkhuh lq idfw lv qr frqqhfwlrq suhvhqw1
Lq rughu wr fruuhfw iru wkh vlpxowdqhlw| eldv/ lqvwuxphqwhg yhuvlrqv ri +4, duh uhsruwhg
zkhuh odjjhg xqhpsor|phqw udwhv duh xvhg dv lqvwuxphqwv1 Odjjhg xqhpsor|phqw lv d ydolg
lqvwuxphqw li wkhuh lv vx!flhqw shuvlvwhqfh lq xqhpsor|phqw/ dqg li odjjhg xqhpsor|phqw
45Wkh frh!flhqw wr wkh orj xqhpsor|phqw udwh wdnhv wkh ydoxh 041769 zlwk d vwdqgdug huuru ri 31633/
wkh Urrw Phdq Vtxduhg Huuru lv 41759 dqg wkh U0vtxduhg lv 317571
46Wkh qhjdwlyh fruuhodwlrq ehwzhhq sdlg ohdyh lq rz udwhv dqg xqhpsor|phqw zdv ￿uvw qrwhg lq Kdqvhq
dqg Nqxgvhq +4<<9,1
;lv xqfruuhodwhg zlwk wkh huuru whup lq +4, +iru d irupdo vwdwhphqw vhh Dsshqgl{ D,1 Wkh
htxdwlrqv uhsruwhg lq zkdw iroorzv duh lqvwuxphqwhg zlwk wkh xqhpsor|phqw udwh odjjhg
xs wr irxu txduwhuv147
Wdeoh 5 uhsruwv uhjuhvvlrq uhvxowv ri hvwlpdwlqj htxdwlrq +4, iru ihpdoh zrunhuv1 Wkh uh0
juhvvlrqv duh zhljkwhg xvlqj wkh qxpehu ri hpsor|hg ihpdohv lq wkh glhuhqw xqhpsor|phqw
lqvxudqfh ixqgv148
^Wdeoh 51 Lq rz/ ihpdohv derxw khuh`1
Dffruglqj wr wkh srrohg vdpsoh hvwlpdwhv ri wkh txduwhuo| wudqvlwlrq udwhv lq Wdeoh 5/
sdqho D +l1h1 d frpprq lqwhufhsw k ' k￿,/ wkhuh lv d vwurqj qhjdwlyh uhodwlrqvkls ehwzhhq
xqhpsor|phqw dqg wkh lq rz wr wkh sduhqwdo ohdyh vfkhph zkhuh zrunhuv gr qrw kdyh
wr jhw d shuplw iurp wkh hpsor|hu wr sduwlflsdwh1 Lq wklv fdvh/ wkh hvwlpdwhg frh!flhqw
rq wkh xqhpsor|phqw udwh lv kljko| vljqlfdqwo| glhuhqw iurp }hur1 Lq rughu wr dvvhvv
wkh pdjqlwxgh ri wkh lpsdfw ri xqhpsor|phqw rq sduwlflsdwlrq lqwr wklv vfkhph lpsolhg
e| wkh srlqw hvwlpdwh ri 0314:6/ qrwh wkdw d uhgxfwlrq ri wkh xqhpsor|phqw udwh e| 83
shu fhqw zrxog uhvxow lq dq lqfuhdvh lq wkh txduwhuo| wudqvlwlrq udwh ri 3145 shu fhqw +wkh
srlqw hvwlpdwh pxowlsolhg e| *?2 r f.,1 Wklv lv shukdsv qrw d sduwlfxoduo| doduplqj
pdjqlwxgh zkhq wkh xqhpsor|phqw udwh lv uhgxfhg iurp d kljk ohyho/ exw lw wudqvodwhv lqwr
vxevwdqwldo lqfuhdvhv lq surjudp sduwlflsdwlrq zkhq ixoo hpsor|phqw lv dssurdfkhg lq d
sduwlfxodu vhjphqw ri wkh oderu pdunhw1
Lq frqwudvw wr wkh uvw sduhqwdo ohdyh vfkhph/ zrunhuv zkr zlvk wr hqwhu wkh vfkhph
glvsod|hg lq wkh vhfrqg froxpq ri Wdeoh 5 kdyh wr jhw d shuplw iurp wkhlu hpsor|huv1 Wkh
frh!flhqw rq wkh xqhpsor|phqw udwh lv qhjdwlyh dqg vljqlfdqwo| glhuhqw iurp }hur/ exw
wkh pdjqlwxgh lv pxfk vpdoohu wkdq iru wkh uvw fklog fduh vfkhph1 Rqh lqwhusuhwdwlrq
ri wklv uhvxow lv wkdw wkh hpsor|huv duh lqfolqhg wr ghq| wkh shuplw wr sduwlflsdwh lq wkh
qhjrwldwhg fklog fduh vfkhph/ li lw lv gl!fxow wr jhw d vxevwlwxwh iru wkh zrunhu zkr zlvkhv
wr jr rq sdlg ohdyh1 Dv vxevwlwxwhv duh gl!fxow wr qg lq d wljkw oderu pdunhw/ wkh suhvhqfh
47Wkhuh lv qr pdmru gl￿huhqfhv ehwzhhq wkh lqvwuxphqwhg yhuvlrqv ri wkh htxdwlrqv uhsruwhg lq wkh
wh{w dqg wkh ruglqdu| ohdvw vtxduhv yhuvlrqv1 Wkh dx{loldu| uhjuhvvlrq ri wkh xqhpsor|phqw udwh rq
wkh xqhpsor|phqw udwh odjjhg xs wr irxu txduwhuv jlyhv dq U0vtxduh ydoxh ri 31<;1 Wkh shuvlvwhqfh lq
xqhpsor|phqw lv vr vwurqj wkdw d slfwxuh yhu| vlplodu wr wkh rqh lq Iljxuh 4 hphujhv zkhq wkh dyhudjh
wudqvlwlrq udwhv duh sorwwhg djdlqvw wkh xqhpsor|phqw udwhv iru 4<<6/ wkh |hdu ehiruh wkh lqwurgxfwlrq ri
wkh sdlg ohdyh vfkhphv1 Wkh vwdwlvwlfv ri dvvrfldwlrq duh dovr yhu| vlplodu1
48Wkh txduwhuo| wudqvlwlrq udwhv gr qrw h{klelw dq| qrwlfhdeoh vhdvrqdo sdwwhuq dffruglqj wr wkh vljqli0
lfdqfh ohyho ri txduwhuo| gxpplhv zkhq wkhvh duh lqfoxghg lq wkh uhjuhvvlrqv1 Txduwhuo| gxpplhv kdyh
frqvhtxhqwo| ehhq rplwwhg lq wkh uhvxowv suhvhqwhg1
<ri hpsor|hu frqvhqw zhdnhqv wkh uhodwlrqvkls ehwzhhq sdlg ohdyh vfkhph sduwlflsdwlrq dqg
xqhpsor|phqw1
Zrunhuv zkr zlvk wr hqwhu wkh vdeedwlfdo ohdyh vfkhph glvsod|hg lq Wdeoh 5/ froxpq 6
dovr kdyh wr jhw d shuplw iurp wkhlu hpsor|huv1 Lq wklv fdvh/ wkh hpsor|hu frqvhqw vhhpv wr
kdyh eurnhq wkh uhodwlrqvkls ehwzhhq surjudp sduwlflsdwlrq dqg oderu pdunhw wljkwqhvv/
lq wkh vhqvh wkdw wkh hvwlpdwhg frh!flhqw iru xqhpsor|phqw lv qrw vljqlfdqwo| glhuhqw
iurp }hur1
Wkh frpshqvdwlrq ohyhov iru erwk ri wkh fklog fduh vfkhphv dqg wkh vdeedwlfdo ohdyh
zhuh uhgxfhg lq wzr vwhsv +vhh wkh ghwdlov lq Wdeoh 4,1 Frqvhtxhqwo|/ wkh frpshqvdwlrq
udwh hqwhuv lq wkhvh htxdwlrqv/ dqg wkh uhvxowv duh srvlwlyh frh!flhqwv1 Wkh frh!flhqw
ri wkh vdeedwlfdo ohdyh vfkhph lv vljqlfdqwo| glhuhqw iurp }hur/ zkloh wkh frh!flhqw ri
wkh sduhqwdo qhjrwldwhg ohdyh vfkhph lv rq wkh erughuolqh ri vljqlfdqfh1 Wr dvvhvv wkh
pdjqlwxgh/ frqvlghu wkh vdeedwlfdo ohdyh vfkhph zkhuh wkh srlqw hvwlpdwh lv 3181 Zlwk
wklv frh!flhqw/ wkh suhglfwhg hhfw ri wkh uhgxfwlrq lq frpshqvdwlrq ohyho iurp ;3 shufhqw
wr 93 shufhqw ri wkh pd{lpxp xqhpsor|phqw ehqhw ohyho lv d uhgxfwlrq lq wkh txduwhuo|
lq rz udwh ri 3147 shufhqwdjh srlqwv1 Wklv zdv dfwxdoo| wkh ghjuhh ri ihpdoh sduwlflsdwlrq
lq wkh vdeedwlfdo ohdyh vfkhph gxulqj wkh uvw |hdu/ zkhq wkh frpshqvdwlrq ohyho zdv ;3
shufhqw/ zkloh wkh lq rz udwh zdv forvh wr }hur gxulqj wkh odvw wkuhh txduwhuv ri 4<<:/
zkhuh wkh frpshqvdwlrq ohyho gursshg wr 93 shufhqw/ vhh Dsshqgl{/ Wdeoh D41 Dffruglqj
wr wkh srlqw hvwlpdwhv lq Wdeoh 5/ wkh uhgxfwlrq ri wkh frpshqvdwlrq ohyho kdg d vrphzkdw
vpdoohu lpsdfw rq lq rz wr wkh sduhqwdo ohdyh vfkhph/ zklfk kdg wr eh qhjrwldwhg zlwk
wkh hpsor|hu/ dqg d vxevwdqwldoo| odujhu lpsdfw rq wkh sduhqwdo ohdyh vfkhph/ zkhuh wkh
zrunhu kdg d uljkw wr sduwlflsdwh1
Lw frxog eh zruwkzkloh wr sd| dwwhqwlrq wr wkh w ri wkh sduhqwdo uljkw vfkhph/ zklfk/
dffruglqj wr wkh ydoxhv ri wkh U0vtxduhg vwdwlvwlfv/ lv wzlfh dv jrrg dv wkh w ri wkh qhjr0
wldwhg fklog ohdyh vfkhph dqg wkh vdeedwlfdo ohdyh vfkhph1 H{dfwo| wkh vdph h{sodqdwru|
yduldeohv duh xvhg lq wkhvh wkuhh htxdwlrqv dqg rqh ri wkh skhqrphqrqv wkdw frxog jhqhudwh
d ehwwhu w ri wkh sduhqwdo uljkw vfkhph/ pljkw eh d odujhu uhvsrqvlyhqhvv wr wkh wljkwqhvv ri
wkh oderu pdunhw/ dv rssrvhg wr wkh rwkhu wzr vfkhphv/ zkhuh hpsor|hu frqvhqw lq uhtxluhg
lq rughu wr hqwhu wkh vfkhphv1
Lq wkh htxdwlrq iru wkh hgxfdwlrqdo ohdyh vfkhph lq Wdeoh 5/ froxpq 7/ rqo| wkh xq0
hpsor|phqw udwh hqwhuv dv dq h{sodqdwru| yduldeoh/ dv wkh frpshqvdwlrq ohyho zdv 433
shufhqw ri pd{lpxp xqhpsor|phqw ehqhw ohyho wkurxjkrxw wkh vdpsoh shulrg1 Djdlq dq
lqyhuvh uhodwlrqvkls ehwzhhq wkh lq rz udwh dqg wkh xqhpsor|phqw udwh frphv iruwk zlwk d
43frh!flhqw kljko| vljqlfdqw iurp }hur1 Wkh frh!flhqw kdv derxw wkh vdph vl}h dv wkh rqh
iru wkh sduhqwdo uljkw vfkhph1 Dv hqwudqfh lq wkh hgxfdwlrqdo sdlg ohdyh vfkhph uhtxluhv
wkh frqvhqw ri wkh hpsor|hu/ wklv uhvxow frxog eh wdnhq dv hylghqfh djdlqvw wkh vwru| wkdw
hpsor|hu frqvhqw zhdnhqv wkh uhodwlrqvkls ehwzhhq oderu pdunhw wljkwqhvv dqg sdlg ohdyh
sduwlflsdwlrq1
Krzhyhu/ zkloh lw lv gl!fxow wr lpdjlqh dq| gluhfw hhfw rq zrunhu surgxfwlylw| dv d
frqvhtxhqfhv ri sduwlflsdwlqj lq wkh uvw wkuhh vfkhphv/ wkh hgxfdwlrqdo ohdyh surjudp kdv
wkh srwhqwldo wr hqkdqfh kxpdq fdslwdo dqg zrunhu surgxfwlylw| lq wkh zrun sodfh1 Wklv
grhv qrw qhfhvvdulo| jhqhudwh d v|vwhpdwlf sduwlflsdwlrq sdwwhuq dfurvv oderu pdunhw vwdwhv/
exw wr wkh h{whqw wkdw wkh sxusrvh ri wkh hgxfdwlrq gxulqj wkh sdlg ohdyh lv uhohydqw iru
wkh zrun sodfh/ lw lv frqfhlydeoh wkdw hpsor|huv duh pruh zloolqj wr jlyh wkhlu frqvhqw lq
d wljkw oderu pdunhw zlwk udslg uhvwuxfwxulqj lq wkh zrun sodfh/ vxfk wkdw wkh xsjudglqj
ri wkh vnloov ri wkh zrun irufh lv qdqfhg e| wkh wd{0sd|huv wkurxjk wkh hgxfdwlrqdo ohdyh
vfkhph1
Dq dowhuqdwlyh wr wkh sdudphwulf hylghqfh iru dvvrfldwlrq ehwzhhq sdlg ohdyh sduwlf0
lsdwlrq lq wkh glhuhqw vfkhphv dqg xqhpsor|phqw udwhv lv wr fdofxodwh qrqsdudphwulf
vwdwlvwlfv olnh Vshdupdqv ukr dqg Nhqgdoov wdx1 Wkh hylghqfh suhvhqwhg lq Wdeoh 5 uhvwv
hvvhqwldoo| rq d phdvxuh ri wkh vwuhqjwk ri wkh olqhdu dvvrfldwlrq ehwzhhq wudqvlwlrq udwhv
dqg wkh orj ri wkh xqhpsor|phqw udwhv1 Lq frqwudvw/ wkh qrqsdudphwulf vwdwlvwlfv rqo|
phdvxuh wkh dvvrfldwlrq ri wkh udqnlqj ehwzhhq surjudp sduwlflsdwlrq dqg xqhpsor|phqw/
exw d glvdgydqwdjh lq wklv frqwh{w lv wkdw wkh| duh vhqvlwlyh wr udqgrp yduldwlrq lq sur0
judp sduwlflsdwlrq lq wkh vpdoohu xqlrqv +lq frqwudvw wr wkh vwdwlvwlfv iurp wkh zhljwkhg
uhjuhvvlrqv,1
Wkh dyhudjh lq rz udwhv iru doo vfkhphv frpelqhg vkrzq lq Iljxuh 4 lv dvvrfldwhg zlwk
wkh xqhpsor|phqw udwhv rq d vljqlfdqfh ohyho ri 6 shufhqw dffruglqj wr wkh Vshduphq dqg
Nhqgdoo phdvxuhv1 Wkh dvvrfldwlrq ehwzhhq wkh wudqvlwlrq wr wkh sduhqwdo uljkw vfkhph
dqg xqhpsor|phqw lv vr vwurqj/ wkdw wkh k|srwkhvlv ri qr dvvrfldwlrq lv uhmhfwhg rq wkh
316 vljqlfdqfh ohyho1 Exw iru wkh uhvw ri wkh vfkhphv wkh qrqsdudphwulf vwdwlvwlfv vkrz qr
vljqlfdqw uhodwlrq ehwzhhq wudqvlwlrq udwhv dqg xqhpsor|phqw1 Wklv frxog eh wdnhq dv
ixuwkhu hylghqfh iru wkh k|srwkhvlv wkdw hpsor|hu frqvhqw uhgxfhv wkh uhodwlrqvkls ehwzhhq
surjudp sduwlflsdwlrq dqg oderu pdunhw wljkwqhvv1
Zkloh wkh htxdwlrqv lq wkh srrohg vdpsoh hvwlpdwlrq lq Wdeoh 5/ sdqho D/ uh hfw erwk
wkh furvv0vhfwlrqdo dqg wkh wlph0vhulhv yduldwlrq lq wkh gdwd/ wkh furvv0vhfwlrqdo yduldwlrq lv
uhpryhg iurp wkh htxdwlrqv uhsruwhg lq Wdeoh 5/ sdqho E/ dqg wkh sdudphwhuv uh hfw rqo|
44wkh wlph0vhulhv yduldwlrq lq wkh gdwd ryhu wkh 7 |hduv ri hvwlpdwlrq +l1h1/ dq lqwhufhsw whup
k￿ lv hvwlpdwhg iru hdfk wudgh xqlrq,1 Wkh uhvxowv duh rewdlqhg e| lqfoxglqj gxpplhv iru
hdfk ri wkh xqhpsor|phqw lqvxudqfh ixqgv/ zklfk vkrxog fdswxuh dq| glhuhqfhv/ wkdw duh
frqvwdqw ru {hg gxulqj wkh hvwlpdwlrq shulrg/ lq wkh surshqvlw| wr sduwlflsdwh lq wkh sdlg
ohdyh vfkhphv ehwzhhq hpsor|hg phpehuv ri wkh xqhpsor|phqw lqvxudqfh ixqgv1
Wkh uhvxowv iru wkh wzr sduhqwdo ohdyh vfkhphv dqg wkh vdeedwlfdo ohdyh vfkhph vhhp/
dw idfh ydoxh/ wr eh vrphzkdw dw yduldqfh zlwk wkh k|srwkhvlv ri dq lqyhuvh uhodwlrqvkls
ehwzhhq surjudp sduwlflsdwlrq dqg wkh xqhpsor|phqw udwh1 Wkh frh!flhqw ri wkh xq0
hpsor|phqw udwh lq wkh wzr sduhqwdo vfkhphv dqg wkh vdeedwlfdo vfkhph duh srvlwlyh exw
qrw vljqlfdqwo| glhuhqw iurp }hur1 Zlwk uhvshfw wr wkh frpshqvdwlrq ohyho/ qrqh ri wkh
frh!flhqwv duh vljqlfdqwo| glhuhqw iurp }hur1 Wkh frpshqvdwlrq hqwhuv zlwk d uhdvrq0
deo| kljk frh!flhqw lq wkh sduhqwdo uljkw vfkhph/ exw zlwk vpdoohu ydoxhv lq wkh sduhqwdo
qhjrwldwhg vfkhph dqg wkh vdeedwlfdo ohdyh vfkhph1 Dffruglqj wr wkh vl}h ri wkh srlqw hvwl0
pdwh iru wkh frpshqvdwlrq ohyho iru wkhvh wzr vfkhphv/ wkh uhgxfwlrq lq wkh frpshqvdwlrq
ohyho kdg rqo| d plqru uroh lq h{sodlqlqj lq wkh vxevwdqwldo ghfuhdvh lq wkh surshqvlw| wr
sduwlflsdwh lq wkhvh wzr vfkhphv1 Krzhyhu/ lw vkrxog eh qrwhg wkdw wkh xqhpsor|phqw udwh
ghfuhdvhg iurp dq dyhudjh ri 4513 shu fhqw lq 4<<7 wr :18 shu fhqw lq wkh odvw wkuhh txduwhuv
lq 4<<:/ vhh Dsshqgl{/ Wdeoh D4/ dqg gxulqj wklv shulrg erwk wkh frpshqvdwlrq ohyho dqg
wkh lq rz udwhv wr wkh vfkhphv dovr ghfuhdvhg1 Lw lv wkhuhiruh txhvwlrqdeoh/ li lw srvvleoh wr
glvhqwdqjoh wkh wlph0vhulhv yduldwlrq lq wkh lq rz udwhv lqwr uhdvrqdeo| suhflvho| vhsdudwh
hhfwv iurp wkh yduldwlrq lq wkh xqhpsor|phqw udwh dqg wkh yduldwlrq lq wkh frpshqvdwlrq
ohyho149
Lq wkh hgxfdwlrqdo ohdyh vfkhph/ xqhpsor|phqw vkrzv d odujh qhjdwlyh frh!flhqw lq
w k hw l p h 0 v h u l h vg l p h q v l r q 1 D vw k ho h y h or if r p s h q v d w l r ql qw k l vv f k h p hz d vx q d o w h u h g
gxulqj wkh shulrg ri hvwlpdwlrq/ wkh sureohp ri fr0pryhphqw ehwzhhq xqhpsor|phqw dqg
frpshqvdwlrq udwh lv qrw suhvhqw lq wklv fdvh14:
Diwhu wkh glvfxvvlrq ri wkh ihpdoh sduwlflsdwlrq lq wkh sdlg ohdyh vfkhphv/ ghvfulehg
l qW d e o h5 /z hw x u qw rw k hh t x l y d o h q wu h v x o w vi r uw k hp d o hs d u w l f l s d w l r ql qw k hs d l go h d y h
49D vwdqgdug surfhgxuh zklfk dlpv dw hydoxdwlqj wkh h{whqw wr zklfk fruuhodwlrq ehwzhhq wkh h{sodqdwru|
yduldeohv d￿hfwv wkh suhflvlrq ri wkh hvwlpdwhv lv dq dx{loldu| uhjuhvvlrq/ lq wklv fdvh d zhljkwhg uhjuhvvlrq
ri wkh orj ri wkh xqhpsor|phqw udwh rq wkh orj ri wkh uhsodfhphqw udwh dqg xqlrq gxpplhv1 Wkh uhvxow lv
dq U0vtxduhg ri 31<:8/ zklfk lqglfdwhv d kljk ghjuhh ri fruuhodwlrq ehwzhhq wkh h{sodqdwru| yduldeohv1
4:Lq wklv fdvh d JOV hvwlpdwh ri wkh sdudphwhuv pljkw eh ri lqwhuhvw dv dq dowhuqdwlyh wr wkh ROV hvwlpdwh
lq Sdqho D1 Dv wkhuh duh frqvlghudeoh gl￿huhqfhv ehwzhhq wkh zlwklq dqg wkh ehwzhhq hvwlpdwhv iru wkh
rwkhu vfkhphv/ d udqgrp h￿hfwv surfhgxuh pdnhv ohvv vhqvh lq wkhvh fdvhv/ dqg wkh uhvxowv duh frqvhtxhqwo|
qrw uhsruwhg1
45vfkhphv/ zklfk duh glvsod|hg lq Wdeoh 61 Pdoh sduwlflsdwlrq lq wkh vfkhphv zdv orzhu wkdq
wkh ihpdoh sduwlflsdwlrq/ hvshfldoo| lq wkh sduhqwdo ohdyh vfkhphv exw dovr lq wkh hgxfdwlrqdo
ohdyh vfkhph/ vhh Dsshqgl{/ Wdeoh D41
^Wdeoh 61 Lq rz/ pdohv/ derxw khuh`1
Wkh orzhu sduwlflsdwlrq udwhv vkrz xs lq vpdoohu frqvwdqw whupv lq Wdeoh 6 frpsduhg
wr wkrvh iru ihpdohv lq Wdeoh 51 Wkh srrohg vdpsoh hvwlpdwlrq lq Wdeoh 6/ sdqho D/ jlyhv
wkh vdph txdolwdwlyh uhvxowv dv wkrvh iru ihpdohv/ dq lqyhuvh uhodwlrqvkls ehwzhhq wudqvlwlrq
udwhv dqg wkh xqhpsor|phqw udwh/ zklfk lv vljqlfdqwo| glhuhqw iurp }hur iru wkh sduhqwdo
uljkw vfkhph dqg wkh hgxfdwlrqdo ohdyh vfkhph1 Ixuwkhupruh/ wkhuh lv qrz d vljqlfdqw
uhgxfwlrq lq wkh lq rz iru wzr ri wkh vfkhphv dv d uhvxow ri wkh orzhulqj ri wkh frpshq0
vdwlrq udwh1 Krzhyhu/ lw lv qrw rqo| wkh frqvwdqw whupv wkdw duh vpdoohu iru pdohv/ doo wkh
rwkhu frh!flhqwv lq wkh srrohg vdpsoh hvwlpdwlrq duh qxphulfdoo| vpdoohu wkdq iru ihpdohv/
lqglfdwlqj d vpdoohu uhvsrqvh lq lq rz udwhv iru pdohv zkhq wkh oderu pdunhw vwdwh ru wkh
frpshqvdwlrq ohyho fkdqjhv1
Wkh uhvxowv iru wkh {hg hhfwv hvwlpdwlrq iru pdoh zrunhuv lq Wdeoh 6/ sdqho E/ hvvhq0
wldoo| pluuruv wkh {hg hhfwv uhvxowv iru ihpdohv lq Wdeoh 5/ sdqho E1 Wkh xqhpsor|phqw
udwhv qrz vkrz d srvlwlyh vljq/ wkdw lv lqvljqlfdqwo| glhuhqw iurp }hur/ iru wkh wkuhh
vfkhphv wkdw kdyh h{shulhqfhg d uhgxfwlrq lq wkh frpshqvdwlrq ohyho/ zkloh wkh frh!flhqw
iru wkh frpshqvdwlrq ohyho gursv wr d yhu| orz ohyho lq wzr ri wkh wkuhh fdvhv1 Iru wkh hgx0
fdwlrqdo vfkhph/ zklfk kdg wkh vdph frpshqvdwlrq ohyho wkurxjkrxw wkh vdpsolqj shulrg/
xqhpsor|phqw frphv rxw zlwk d qhjdwlyh frh!flhqw wkdw lv vljqlfdqwo| glhuhqw iurp
}hur1
Lq wkh iruhjrlqj dqdo|vlv/ wkh vljq ri wkh frh!flhqw iru xqhpsor|phqw ehfrphv srvlwlyh/
zkhq {hg hhfwv duh lqwurgxfhg lq wkh htxdwlrqv iru wkh wkuhh sdlg ohdyh vfkhphv/ zkhuh
wkh frpshqvdwlrq ohyho zdv glplqlvkhg gxulqj wkh vdpsoh shulrg1 Wklv zdv wkh fdvh erwk
zlwk uhvshfw wr wkh uhvxowv iru ihpdohv lq Wdeoh 5 dqg wkh uhvxowv iru pdoh zrunhuv lq Wdeoh
61 Lw zdv phqwlrqhg wkdw sureohpv zlwk wkh vhsdudwh lghqwlfdwlrq ri wkh hhfwv iurp
xqhpsor|phqw dqg frpshqvdwlrq ohyho lq wkh wlph0vhulhv glphqvlrq zhuh wr eh h{shfwhg
ehfdxvh ri wkh vxevwdqwldo fruuhodwlrq ehwzhhq wkhvh wzr yduldeohv gxulqj wkh vdpsoh shulrg1
Dqrwkhu skhqrphqd wkdw frxog fdxvh sureohpv lq wkh wlph0vhulhv glphqvlrq lv vxevwl0
wxwlrq ehwzhhq wkh vfkhphv1 Vrph ri wkh sduwlflsdqwv kdyh wkh rswlrq wr hqwhu vhyhudo ri
wkh vfkhphv/ dqg wkh ghfolqh lq wkh frpshqvdwlrq ohyho iru wkh rwkhu vfkhphv pljkw kdyh
46fdxvhg d vkliw wrzdugv wkh hgxfdwlrqdo ohdyh vfkhph14; Holjlelolw| wr wkh surjudpv ydu|/
zklfk phdqv wkdw lqglylgxdov wkdw frqvlghu sduwlflsdwlqj lq rqh ri wkh surjudpv pljkw
ru pljkw qrw kdyh wkh fkrlfh wr hqwhu rqh ri wkh rwkhu surjudpv1 Zlwk wkh w|sh ri gdwd
dqdo|}hg lq wkh suhvhqw sdshu/ lw lv gl!fxow wr vhh krz lw vkrxog eh srvvleoh wr txdqwli|
wkh ghjuhh ri vxevwlwxwlrq ehwzhhq wkh glhuhqw surjudpv zlwkrxw lpsrvlqj vwurqj dqg
duelwudu| dvvxpswlrqv rq wkh gdwd14<
Ehvlghv wkh frqvhtxhqfhv ri wkh fryduldwlrq lq wkh wlph vhulhv glphqvlrq ri wkh xq0
hpsor|phqw udwh dqg wkh frpshqvdwlrq ohyho/ pryhphqwv lq wkh wlph vhulhv glphqvlrq
ri yduldeohv qrw lqfoxghg lq wkh dqdo|vlv pljkw fdxvh glhuhqfhv ehwzhhq wkh hvwlpdwhv lq
wkh furvv0vhfwlrq dqg wkh wlph0vhulhv glphqvlrq1 Iru h{dpsoh/ gxulqj wkh hvwlpdwlrq shulrg
wkhuh kdv ehhq d frqvlghudeoh jurzwk lq wkh vxsso| ri gd| fduh lqvwlwxwlrqv= lq Mdqxdu| 4<<6
661: shufhqw ri fkloguhq djhg 3046 dwwhqghg sxeolf vxevlgl}hg gd| fduh lqvwlwxwlrqv zkloh
wklv kdg ulvhq wr 7419 shufhqw e| Mdqxdu| 4<<;1 Rqh zrxog h{shfw wklv wr uhgxfh wkh lq rz
ryhu wlph lqwr wkh sduhqwdo ohdyh vfkhphv wr wkh h{whqw wkdw vrph sduhqwv sduwlflsdwh lq
wkhvh vfkhphv ehfdxvh wkh| fdqqrw jhw d sodfh lq d gd| fduh lqvwlwxwlrq1 Wklv skhqrphqrq
zrxog dhfw wkh phdvxuhg lq xhqfh ri wljkwqhvv rq sduwlflsdwlrq lq wkh sduhqwdo ohdyh
vfkhphv lq wkh wlph vhulhv glphqvlrq/ exw lv qrw h{shfwhg wr dhfw wkh hvwlpdwh lq wkh
hgxfdwlrqdo ohdyh vfkhph1
Krzhyhu/ derxw kdoi ri sduhqwdo ohdyh wdnhv sodfh frqfrplwdqw wr pdwhuqdo ohdyh/ l1h1/
ehiruh wkh uvw eluwkgd| ri wkh fklog/ dqg wkh jxuhv iru wklv djh jurxs vhhp dw yduldqfh
z l w kw k hk | s r w k h v l vw k d ws d u h q w vv k r x o ge hf r q v w u d l q h gl qw k hf k r l f he h f d x v hr io d f nr ig d |
fduh sodfhv1 Wkh vkduh ri fkloguhq ri djh }hur dwwhqglqj sxeolf vxssruwhg gd| fduh gursshg
iurp 4<1: shufhqw wr 4;13 shufhqw iurp Mdqxdu| 4<<6 wr Mdqxdu| 4<<7/ wkh uvw prqwk ri
wkh h{lvwhqfh ri wkh sdlg ohdyh vfkhphv/ dqg ixuwkhu grzq wr 4716 shufhqw lq Mdqxdu| 4<<81
Iru 4<<9 wkh jxuh zdv 4616 shufhqw/ exw wkhq lw lqfuhdvhg iurp 461: wr 491; shufhqw iurp
Mdqxdu| 4<<: wr Mdqxdu| 4<<;/ zkhq wkh frpshqvdwlrq ohyho zdv uhgxfhg iurp :3 wr 93
4;Wr gdwh/ sduwlflsdqwv lq wkh hgxfdwlrqdo ohdyh vfkhph kdyh qrw eh uhtxluhg wr hqwhu d ixoo0wlph hgxfd0
wlrqdo surjudp1 Lw lv srvvleoh wr hqwhu d yhu| zlgh ydulhw| ri gl￿huhqw hgxfdwlrqv/ dowkrxjk wkh uxohv kdyh
ehhq fkdqjhg vrphzkdw zlwk wkh lqwhqwlrq ri olplwlqj wkh sduwlflsdqwv wr hqwhulqj hgxfdwlrqdo surjudpv
zlwk d oderu pdunhw uhohydqfh1
4<Zlwk wkh suhvhqw vshfl￿fdwlrq ri wkh htxdwlrqv/ vxevwlwxwlrq wrzdugv wkh hgxfdwlrqdo ohdyh vfkhph zloo
uhvxow lq d srvlwlyh huuru whup lq wklv htxdwlrq dqg d qhjdwlyh huuru whup lq wkh rwkhu htxdwlrqv1 Wklv olqh ri
wkrxjkw frxog ohdg wr wkh frqvlghudwlrq ri dq hvwlpdwlrq vwudwhj| xvlqj wkh vhhplqjo| xquhodwhg uhjuhvvlrq
htxdwlrqv phwkrgrorj|1 Wkh uhvxow ri vxfk dq h{huflvh lv wkdw wkhuh duh vrph h!flhqf| jdlqv iurp wkh
dssolfdwlrq ri wkh VXUH phwkrg/ exw lq jhqhudo wkh frh!flhqwv gr qrw fkdqjh pxfk1 Li plfur0gdwd kdg
ehhq suhvhqw/ lw lv frqfhlydeoh wkdw lw zrxog kdyh ehhq srvvleoh wr wdnh d forvhu orrn dw wkh fkrlfh wr hqwhu
rqh vfkhph lqvwhdg ri dqrwkhu1
47shufhqw ri wkh pd{lpxp xqhpsor|phqw ehqhw ohyho1 Wkhvh jxuhv vhhp wr lqglfdwh wkdw
wkh sduhqwdo ohdyh vfkhph dfwxdoo| uhgxfhg wkh ghpdqg iru sxeolf vxevlgl}hg gd| fduh iru
fkloguhq ri djh }hur dqg wkdw sduhqwv zhuh qrw frqvwudlqhg lq wkhlu fkrlfh e| wkh vxsso|
ri gd| fduh sodfhv153
Wklv vhfwlrq kdv grfxphqwhg d fohdu qhjdwlyh uhodwlrqvkls ehwzhhq wkh xqhpsor|phqw
udwh dqg surjudp sduwlflsdwlrq lq wkh furvv0vhfwlrqdo glphqvlrq/ zkloh wkh hylghqfh iurp
wkh wlph0vhulhv glphqvlrq lv pruh pl{hg1 Krzhyhu/ wkh glhuhqwldo ghyhorsphqw ryhu wlph
lq wkh dwwudfwlyhqhvv ri wkh glhuhqw vfkhphv grhv qrw glvwruw wkh uhodwlrqvkls lq wkh furvv0
vhfwlrqdo glphqvlrq= zkhq wudqvlwlrq udwhv iru doo vfkhphv frpelqhg duh sorwwhg djdlqvw wkh
xqhpsor|phqw udwh/ slfwxuhv vlplodu wr wkh rqh lq Iljxuh 4 hphujh iru doo txduwhuv lq wkh
vdpsoh shulrg1 Wkh hylghqfh suhvhqwhg iurp wklv hpslulfdo dqdo|vlv rq qduurzo| ghqhg
vhjphqwv ri wkh oderu pdunhw zlwk d udwkhu h{wuhph yduldwlrq lq xqhpsor|phqw udwhv lv/
wkdw sdlg ohdyh vfkhphv duh hvshfldoo| dwwudfwlyh wr jurxsv zlwk orz xqhpsor|phqw udwhv1
7 D vhdufk h{sodqdwlrq
Lq wklv vhfwlrq dq h{sodqdwlrq iru wkh revhuyhg hpslulfdo skhqrphqrq lv rhuhg lq wkh frq0
wh{w ri vhdufk wkhru|1 Diwhu lqwurgxflqj vrph qrwdwlrq dq lqwxlwlyh dujxphqw lv suhvhqwhg
iroorzhg e| d pruh suhflvh dqdo|vlv1 Wkh irupdo sduw zloo eh olplwhg wr wkh prvw vlpsoh rqh
wkdw lv qhfhvvdu| lq rughu wr dqdo|}h wkh skhqrphqrq xqghu lqyhvwljdwlrq1 Wkh dqdo|vlv lv
frqgxfwhg xqghu wkh dvvxpswlrq ri krprjhqhrxv zrunhuv/ exw wklv dvvxpswlrq lv uhod{hg
lq wkh qh{w vhfwlrq1
Wkh surjudp hqwdlov wkdw d wklug vwdwh lv rshqhg xs rq wkh oderu pdunhw lq dgglwlrq
wr hpsor|phqw dqg xqhpsor|phqw1 Wkh wkuhh vwdwhv duh odehohg  +hpsor|phqw,/ L +xq0
hpsor|phqw,/ dqg  +sdlg ohdyh/ surjudp,1 Wkh xsshufdvh ohwwhuv ri wkh vwdwhv / L/d q g
zloo/ lq wkh iroorzlqj/ ghqrwh erwk wkh qdphv ri wkh vwdwhv dqg wkh ydoxh ri rffxs|lqj
wkh vwdwhv1 Dq ryhuylhz ri wkh wudqvlwlrqv ehwzhhq wkh wkuhh vwdwhv fdq eh rewdlqhg iurp
jxuh 51
53Ilqdoo|/ lw frxog eh txhvwlrqhg wr zkdw h{whqw xqhpsor|phqw lv wkh uljkw yduldeoh wr fdswxuh oderu
pdunhw wljkwqhvv1 Dqrwkhu rswlrq iru srwhqwldo sduwlflsdqwv lv wr orrn dw wkh wudqvlwlrq suredelolw| iurp wkh
sdlg ohdyh vfkhph wr hpsor|phqw/ uhodwlyh wr wkh wudqvlwlrq suredelolw| iurp xqhpsor|phqw wr hpsor|phqw1
Krzhyhu/ dq revwdfoh iru erwk wkh srwhqwldo sduwlflsdqwv dqg wkh uhvhdufkhu lv/ wkdw wkhuh duh qr r!fldo
vwdwlvwlfv rq wudqvlwlrq udwhv dprqj gl￿huhqw oderu pdunhw vwdwhv ri wkh Gdqlvk oderu pdunhw1
48Iljxuh 5 derxw khuh
Wudqvlwlrqv iurp hpsor|phqw wr xqhpsor|phqw wdnh sodfh dv d frqvhtxhqfh ri wkh
h{rjhqrxv mre ghvwuxfwlrq udwh ru zrunhu glvsodfhphqw udwh B/ zkloh wkh vhdufk iru mrev
ghwhuplqhv wkh wudqvlwlrq udwh r iurp xqhpsor|phqw wr hpsor|phqw1 Gxulqj hpsor|phqw
zrunhuv duh sdlg wkh zdjh ohyho  dqg hqmr| wkh lqvwdqwdqhrxv xwlolw| ohyho ?E/z k l o h
xqhpsor|hg zrunhuv uhfhlyh wkh ehqhw ohyho K/ zklfk jlyhv ulvh wr wkh lqvwdqwdqhrxv xwlolw|
ohyho ￿EK1
Lq wkh qhz surjudp vwdwh/ wkh sduwlflsdqwv jhw wkh frpshqvdwlrq ohyho S zklfk lv dvvr0
fldwhg zlwk wkh lqvwdqwdqhrxv xwlolw| ohyho RES1 Lw lv dvvxphg wkdw wkh hpsor|hg zrunhuv
ghflgh zkhwkhu wkh| zdqw wr sduwlflsdwh lq wkh surjudp ru qrw/ zklfk hqwdlov wkdw wkh txlw
udwh ^ iru wkh surjudp lv hqgrjhqrxv lq wkh dqdo|vlv1 Wkhuh duh qr iulfwlrqv dvvrfldwhg
zlwk wkh wudqvlwlrq iurp hpsor|phqw wr wkh surjudp/ li wkh zrunhu lv holjleoh/ kh ru vkh
fdq hqwhu wkh surjudp lqvwdqwdqhrxvo|1 Wkh sduwlflsdqwv lq wkh surjudp glvdsshdu dw udwh
4 ghwhuplqhg e| wkh ohqjwk ri wkh surjudp1
Lw lv ixuwkhupruh dvvxphg wkdw d iudfwlrq w ri wkh sduwlflsdqwv hqwhu hpsor|phqw diwhu
sduwlflsdwlqj lq wkh surjudp zkloh wkh uhvw hqwhu xqhpsor|phqw1 Iru vlpsolflw|/ wkh iudfwlrq
w lv wuhdwhg dv d sdudphwhu/ exw wkh uh0hpsor|phqw suredelolw| diwhu surjudp sduwlflsdwlrq
frxog eh dvvxphg wr ghshqg rq wkh vwdwh ri wkh oderu pdunhw1 Ixuwkhupruh/ wkh sdudphwhu
w ghshqgv rq wkh surylvlrqv uhjxodwlqj wkh uljkw wr uhwxuq wr wkh iruphu mre diwhu surjudp
sduwlflsdwlrq1
Wkh htxloleulxp ehiruh wkh lqwurgxfwlrq ri wkh surjudp zdv fkdudfwhul}hg e| d frqwlqx0
rxv  rz rxw ri hpsor|phqw lqwr xqhpsor|phqw dqg d uhwxuq edfn wr hpsor|phqw iurp wkh
xqhpsor|phqw vwdwh/ dqg wkh frqglwlrq iru frqvwdqw vwrfnv lq wkh wzr vwdwhv zdv htxdolw|
ehwzhhq wkh lq rz dqg rxw rz iurp wkh vwdwhv1 Wkh surjudp rshqv xs d qhz vwdwh rq wkh
oderu pdunhw/ dqg d qhz htxloleulxp hqwdlov htxdolw| ehwzhhq wkh  rz lqwr wkh surjudp
dqg wkh  rz rxw ri wkh surjudp dv sduwlflsdwlrq lv glvfrqwlqxhg1
Wkh uvw zrunhu zkr frqvlghuv hqwhulqj wkh surjudp diwhu wkh lqwurgxfwlrq ri wkh sdlg
ohdyh vfkhph zloo dfwxdoo| hqwhu wkh surjudp li wkh ydoxh ri wkh surjudp vwdwh lv kljkhu wkdq
wkh ydoxh ri wkh hpsor|phqw vwdwh/ l1h1/ wkh uvw zrunhu zloo hqwhu wkh surjudp li 	 1
Li wklv lv wkh fdvh iru wkh uvw zrunhu/ lw zloo dovr eh wkh fdvh iru wkh vhfrqg zrunhu/ dv lw lv
dvvxphg wkdw zrunhuv duh lghqwlfdo/ dfwxdoo| doo hpsor|hg zrunhuv zloo hqwhu wkh surjudp
vwdwh/ xqohvv vrphwklqj dgmxvwv lq wkh hfrqrp|1 Wkh h{rgxv iurp hpsor|phqw zloo vwrs
zkhq wkhuh lv qr dgydqwdjh iru wkh pdujlqdo hpsor|hg zrunhu wr pljudwh wr wkh surjudp
49vwdwh/ dqg wklv lv wkh fdvh zkhq wkh ydoxh rffxs|lqj wkh wzr vwdwhv duh htxdo/ l1h1/
 '  +5,
Dv wkh ixooophqw ri wklv frqglwlrq lpsolhv wkdw wkh zrunhuv kdyh qr lqfhqwlyh wr ghsduw
iurp zrun dqg sduwlflsdwh lq wkh surjudp/ wkh frqglwlrq lv odehohg wkh *qr0pruh0ohdyh*0
frqglwlrq1 Qrwh wkdw wklv lv qrw d *qr0ohdyh* frqglwlrq/ dv wkh htxloleulxp lv fkdudfwhul}hg
e| d frqwlqxrxv  rz ri zrunhuv ehwzhhq wkh hpsor|phqw vwdwh dqg wkh surjudp vwdwh1
Lw lv srvvleoh wr jhw dq lqwxlwlyh lghd ri wkh frqvhtxhqfhv ri wkh sdlg ohdyh vfkhph zlwklq
wklv iudphzrun zlwkrxw uhvruwlqj wr irupdo dqdo|vlv1 Li wkh pljudwlrq wr wkh vfkhph lv wr
kdow/ wkh hqgrjhqrxv yduldeohv ri wkh v|vwhp kdyh wr dgmxvw lq rughu wr hqvxuh wkdw wkh
deryh frqglwlrq lv ixooohg1 Rqh qdwxudo fdqglgdwh lv wkh zdjh udwh1 Wkh lqvwdqwdqhrxv
ydoxh ri wkh surjudp vwdwh lv h{rjhqrxv/ exw dq lqfuhdvh lq wkh zdjh udwh zloo lqfuhdvh
wkh ydoxh ri wkh hpsor|phqw vwdwh1 Lqfuhdvhv lq wkh zdjh udwh/ zklfk udlvh wkh ydoxh ri
wkh hpsor|phqw vwdwh uhodwlyh wr wkh ydoxh ri wkh surjudp vwdwh/ frxog hqvxuh wkdw wkh
qr0pruh0ohdyh0frqglwlrq ehfrphv ixooohg1 Rqh suhglfwlrq iurp wklv lqwxlwlyh dssurdfk
lv frqvhtxhqwo| wkdw wkh surjudp lpsolhv d whqghqf| wr lqfuhdvh wkh zdjh udwh iru wkh
hpsor|hg zrunhuv1
Qh{w orrn dw wkh frqvhtxhqfh ri d ulvh lq wkh uh0hpsor|phqw udwh w1Z k h q d z r u n h u
frqvlghuv wudyholqj iurp wkh hpsor|phqw vwdwh wr wkh surjudp vwdwh/ kh ru vkh orrnv dw
w k hf r q v h t x h q f h vd ww k hh q gr iw k hs u r j u d ps h u l r g 1 W k hk l j k h uw k hy d o x hr iw k hu h 0
hpsor|phqw suredelolw|/ wkh pruh olnho| lw lv wkdw wkh zrunhu zloo hqg xs lq wkh hpsor|phqw
vwdwh +wkh jrrg vwdwh,/ frpsduhg wr wkh xqhpsor|phqw vwdwh +wkh edg vwdwh,1 Lw wkhuhiruh
vhhpv lqwxlwlyh wkdw d kljkhu uh0hpsor|phqw suredelolw| zloo hqwdlo d kljkhu surshqvlw| wr
sduwlflsdwh lq wkh surjudp1
Iru wkh vdnh ri vlpsolflw|/ wkh uh0hpsor|phqw suredelolw| lv wuhdwhg dv d sdudphwhu/ exw
lv lw olnho| wkdw lw zloo ydu| dfurvv oderu pdunhwv zlwk glhuhqw wljkwqhvv1 Lq d wljkw oderu
pdunhw lw zloo eh gl!fxow iru wkh hpsor|hu wr qg d vxevwlwxwh iru d zrunhu zkr hqwhuv wkh
sdlg ohdyh vfkhph/ dqg xsrq uhwxuq wr dq ryhuordghg zrunsodfh lw lv olnho| wkdw wkh surjudp
sduwlflsdqw zloo eh juhhwhg zlwk d zhofrph1 Rq wkh rwkhu kdqg/ lq d vodfn oderu pdunhw/
vxevwlwxwhv iru wkh surjudp sduwlflsdqw duh uhdglo| dydlodeoh/ dqrwkhu zrunhu zloo oo wkh
mre gxulqj surjudp sduwlflsdwlrq/ dqg dw wkh hqg ri wkh sdlg ohdyh shulrg/ wkh hpsor|hu
frxog eh lq d fkrlfh vlwxdwlrq ehwzhhq wkh qhz zrunhu dqg wkh surjudp sduwlflsdqw1 Wklv
frxog eh wkh fdvh ghvslwh irupdo surylvlrqv judqwlqj wkh zrunhu d uljkw wr uhwxuq wr wkh
4:zrunsodfh diwhu surjudp sduwlflsdwlrq 0 lq wkh ghflvlrq wr hqg d pdwfk ehwzhhq d zrunhu
dqg dq hpsor|hu/ d irupdo ohjdo surylvlrq lv qrw wkh rqo| ghwhuplqlqj idfwru1
Jlyhq wkdw wkh uh0hpsor|phqw suredelolw| lv kljkhu lq d wljkw oderu pdunhw/ lqfuhdvhg
wljkwqhvv ohdgv wr lqfuhdvhg surjudp sduwlflsdwlrq1 Zkhq wkh xqhpsor|phqw udwh lv wdnhq
dv dq lqglfdwru iru wljkwqhvv/ kljk xqhpsor|phqw udwhv lpsolhv orz sduwlflsdwlrq udwhv dqg
orz xqhpsor|phqw udwhv lpso| kljk sduwlflsdwlrq udwhv1 Wklv lv wkh vhfrqg suhglfwlrq
zklfk lv rewdlqhg iurp dq lqwxlwlyh dqdo|vlv ri wkh frqvhtxhqfhv ri wkh sdlg ohdyh vfkhph1
D qhjdwlyh uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg surjudp sduwlflsdwlrq zdv suhflvho|
wkh uhvxow wkdw zdv rewdlqhg lq wkh furvv0vhfwlrqdo glphqvlrq lq wkh suhylrxv hpslulfdo
lqyhvwljdwlrq1
D forvhu dqg pruh irupdo dqdo|vlv lv qhfhvvdu| lq rughu wr lqyhvwljdwh wr zkdw h{whqw wkh
lqwxlwlrq krogv1 Wkh dlp lq wkh iroorzlqj lv wr fduu| rxw wkh prvw vlpsoh irupdo dqdo|vlv/
zklfk fdq wudfh wkh frqvhtxhqfhv ri wkh sdlg ohdyh vfkhph lq wkh suhvhqw iudphzrun1
Ghqrwlqj wkh vwrfnv ri wkh wkuhh vwdwhv lq orzhufdvh ohwwhuv/ ? iru hpsor|phqw/  iru
xqhpsor|phqw/ dqg R iru wkh surjudp/ wkh vwhdg| vwdwh frqglwlrqv iru frqvwdqw vwrfnv fdq
eh rewdlqhg +rxw rz @ lq rz,1 Wkh frqglwlrqv duh +6, iru frqvwdqw hpsor|phqw/ +7, iru
frqvwdqw xqhpsor|phqw/ dqg +8, iru frqvwdqw surjudp sduwlflsdwlrq
EB n ^? ' r n w4R +6,
r ' B?nE w4R +7,
4R ' ^? +8,
Xvlqj wkhvh h{suhvvlrqv iru frqvwdqw vwrfnv rq wkh oderu pdunhw/ dqg qrupdol}lqj wkh
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Wkh ydoxh ri wkh vwdwhv / L/d q gduh rewdlqhg iurp wkh vwhdg| vwdwh duelwudjh htxdwlrqv/
zklfk duh +:, iru hpsor|phqw/ +;, iru xqhpsor|phqw/ dqg +<, iru surjudp sduwlflsdwlrq
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zkhuh  ghqrwhv wkh lqwhuhvw udwh1
Zkhq wkh vroxwlrqv iru  dqg  duh lqvhuwhg lq wkh qr0pruh0ohdyh frqglwlrq +5,/ wkh
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l1h1/ wkh frqglwlrq kdv ehhq uhzulwwhq lq whupv ri lqvwdqwdqhrxv xwlolwlhv dqg wudqvlwlrq udwhv1
Wkh irupxodwlrq ri +43, hqwdlov wkdw wkh ohiw kdqg vlgh lv sursruwlrqdo wr wkh glhuhqfh ri
wkh ydoxh ri wkh hpsor|phqw vwdwh dqg wkh surjudp vwdwh    + w k hy d o x h vr iw k hv w d w h v
kdyh wkh vdph ghqrplqdwru,1
Dv wkh lqvwdqwdqhrxv ydoxh ri hpsor|phqw lv odujhu wkdq wkh lqvwdqwdqhrxv ydoxh ri
xqhpsor|phqw E? : ￿ / wkh vljq ri wkh odvw whup lq +43, lv ghwhuplqhg e| wkh vljq ri
B  E  w41 Wkh ghvwuxfwlrq udwh B lv wkh suredelolw| ri hqwhulqj xqhpsor|phqw iurp
hpsor|phqw1 Wkh udwh ri sduwlflsdqwv ohdylqj wkh surjudp/ 4/ wlphv wkh vkduh wkdw ohdyhv
iru xqhpsor|phqw/   w/ lv wkh suredelolw| ri hqwhulqj xqhpsor|phqw iurp wkh surjudp1
Khqfh wkh vljq ri wkh odvw whup lq +43, ghshqgv rq zkhwkhu wkh suredelolw| ri hqwhulqj
xqhpsor|phqw iurp hpsor|phqw lv odujhu ru vpdoohu wkdq wkh suredelolw| ri hqwhulqj xq0
hpsor|phqw iurp wkh surjudp1
Li wkh sdlg ohdyh vfkhph surwhfwv wkh sduwlflsdqwv iurp wkh frqvhtxhqfhv ri xqhp0
sor|phqw +l1h1/ B:E  w4,/ zrunhuv zloo ghpdqg d suhplxp E?  R : f wr vwd| lq
hpsor|phqw1 Wklv suhplxp lv hvwdeolvkhg e| dgmxvwphqwv ri wkh hqgrjhqrxv yduldeohv lq
+43,/ wkh zdjh udwh  d q gw k hv h d u f ku d w hr 1 Jlyhq wkh vhdufk udwh/ wkh h{rgxv iurp hp0
sor|phqw wr wkh surjudp zloo vwrs zkhq wkh zdjh udwh kdv ehhq gulyhq xs vx!flhqwo| wr
hvwdeolvk wkh ghvluhg suhplxp wkdw pdnhv wkh pdujlqdo zrunhu lqglhuhqw ehwzhhq hqwhulqj
wkh surjudp ru frqwlqxlqj wkh ulvn| zrun1
Rq wkh rwkhu kdqg/ li wkh sdlg ohdyh vfkhph grhv qrw hqwdlo d surwhfwlrq iurp wkh ulvn
ri xqhpsor|phqw/ wkh surjudp fdq rqo| dwwudfw sduwlflsdqwv li wkh lqvwdqwdqhrxv xwlolw|
ri wkh surjudp lv odujhu wkdw wkh lqvwdqwdqhrxv xwlolw| ri zrun/ hydoxdwhg dw wkh zdjh
udwh ehiruh wkh lqwurgxfwlrq ri wkh vfkhph1 Jlyhq d vpdoohu frpshqvdwlrq ohyho ri wkh
surjudp uhodwlyh wr wkh zdjh udwh/ wklv klqjhv xsrq wkh qrq0prqhwdu| dvshfwv ri surjudp
sduwlflsdwlrq lqfrusrudwhg lq wkh ixqfwlrq R E1
Zh kdyh qrz rewdlqhg d prgho zlwk wzr htxdwlrqv/ wkh vwhdg| vwdwh hpsor|phqw htxd0
wlrq +9, dqg wkh qr0pruh0ohdyh htxdwlrq +43,/ frqwdlqlqj wkh irxu hqgrjhqrxv yduldeohv ^/
4<r/ ? dqg 1 Lq rughu wr rewdlq d ixoo prgho lw lv qhfhvvdu| wr vshfli| krz hpsor|phqw dqg
zdjhv duh ghwhuplqhg1 Wkh prvw reylrxv zd| wr gr wklv lv wr vshfli| d ghpdqg htxdwlrq
iru oderu dqg d zdjh vhwwlqj vfkhgxoh ehwzhhq wkh hpsor|phqw ohyho dqg wkh zdjh ohyho154
Wkh iruhjrlqj glvfxvvlrq lqglfdwhv wkdw zdjh irupdwlrq lv dq lpsruwdqw wrslf lq wklv
frqwh{w1 Krzhyhu/ wkh vshflfdwlrq ri d vxsso| vfkhgxoh lv d udwkhu hoderudwh h{huflvh lq wkh
suhvhqw frqwh{w1 Iru wkh vdnh ri vlpsolflw| wkh uhvxowv duh qrw suhvhqwhg khuh155 Lqvwhdg lw
lv dvvxphg wkdw wkh v|vwhp frqvlvwlqj ri htxdwlrqv +9,/ +43, dqg vrph htxdwlrqv ghvfulelqj
hpsor|phqw dqg zdjh ghwhuplqdwlrq kdv vhwwohg wr htxloleulxp diwhu wkh lqwurgxfwlrq ri
wkh surjudp1 Iurp wkh htxloleulxp ydoxhv ri wkh hqgrjhqrxv yduldeohv/ wkh sduwldo hhfwv
rq wkh vhdufk udwh r dqg wkh txlw udwh ^ iurp d fkdqjh lq wkh uh0hpsor|phqw suredelolw| w
duh lqyhvwljdwhg1
Wklv hqwdlov wkdw zh krog wkh zdjh ohyho dqg wkh hpsor|phqw ohyho {hg lq wkh iroorzlqj1
Wklv fkrlfh lv pdgh sxuho| iru h{srvlwlrqdo sxusrvhv/ dqg zkdw lv orrvw lq wkh dqdo|vlv e|
wklv vkruwfxw lv rxwolqhg ehorz1
Zh kdyh/ frqvhtxhqwo|/ d wzr htxdwlrq prgho lq wkh yduldeohv ^ dqg r1 Wkh olqhdul}hg
irup ri wkh vwhdg| vwdwh hpsor|phqw uhodwlrq +9, fdq eh zulwwhq dv
_^ ' }w_w n }r_rc }w : fc} r : f  56 +44,
Zkhq wkh h{suhvvlrq iru r iurp wkh olqhdul}hg yhuvlrq ri wkh qr0pruh0ohdyh frqglwlrq
+43, lv lqvhuwhg lq wklv h{suhvvlrq/ wkh vroxwlrq iru wkh hhfw ri fkdqjhv lq wkh uh0hpsor|phqw






? R  +45,
54Iru d glvfxvvlrq ri dowhuqdwlyh zdjh vhwwlqj dvvxpswlrqv vxfk wkdw zdjh dqg xqhpsor|phqw irupdwlrq
fdq eh dqdo|}hg lq dq djjuhjdwh vxsso| dqg ghpdqg iudphzrun/ vhh/ iru h{dpsoh/ Skhosv +4<<7, dqg
Eodqfkdug dqg Ndw} +4<<:,1 Dv wkh gdwd lq wkh hpslulfdo dqdo|vlv lv gdwd rq vhjphqwv ri wkh Gdqlvk
oderu pdunhw gholplwhg e| xqlrq d!oldwlrq/ d qdwxudo fkrlfh zrxog eh d edujdlqlqj prgho1 Lw lv d frpprq
sudfwlfh dprqj Vfdqglqdyldq hfrqrplvwv wr dvvxph d xqlrq zdjh irupdwlrq prgho/ dv wkhvh frxqwulhv duh
khdylo| xqlrql}hg1 Iru dq dssolfdwlrq lq wkh dqdo|vlv ri dfwlyh oderu pdunhw srolf|/ vhh wkh wkhruhwlfdo
frqwulexwlrqv e| Kropoxqg dqg Olqg￿q +4<<6, dqg Fdopiruv dqg Odqj +4<<8,1
55Lw lv dovr srvvleoh wr vxssohphqw wkh prgho zlwk d ghvfulswlrq ri wkh iulfwlrqv/ zklfk suhyhqw xqhpsor|hg
zrunhuv ￿qglqj mrev lqvwdqwdqhrxvo|1 Djdlq iru wkh vdnh ri vlpsolflw| wkh lqwhudfwlrq ehwzhhq mre ydfdqflhv
dqg xqhpsor|phqw lv dovr rplwwhg lq wkh suhvhqw frqwh{w1 Vrph yhuvlrqv ri wkh prghov lq wkh sdshuv rq
dfwlyh oderu pdunhw surjudpv frqwdlq dqdo|vlv ri mre pdwfklqj d od Slvvdulghv +4<<3,1
56Wkh h{suhvvlrqv kdyh wkh ydoxhv j￿ @ t@+4 ￿ ￿ . v@￿, dqg jv @ x@q+4 ￿ ￿ . v@￿,1
53Wkh uvw whup lv d srvlwlyh hhfw iurp wkh vwhdg| vwdwh hpsor|phqw frqglwlrq1 Lqfuhdvhg
uh0hpsor|phqw suredelolw| lpsolhv pruh wudqvlwlrqv iurp wkh surjudp wr hpsor|phqw dqg
ohvv wudqvlwlrqv wr xqhpsor|phqw/ exw dv erwk wkh hpsor|phqw ohyho dqg wkh wudqvlwlrq
iurp xqhpsor|phqw wr hpsor|phqw duh dw d vwhdg| vwdwh ohyho/ lqfuhdvhg uh0hpsor|phqw
suredelolw| lv dvvrfldwhg zlwk lqfuhdvhg wudqvlwlrq udwhv wr wkh surjudp1
Wkh qh{w whup vwhpv iurp wkh qr0pruh0ohdyh frqglwlrq1 Li wkh sdlg ohdyh surjudp
surwhfwv wkh sduwlflsdqwv iurp wkh ulvn ri xqhpsor|phqw +l1h1 ? : R,/ lqfuhdvhg uh0
hpsor|phqw suredelolw| lpsolhv pruh wudqvlwlrqv iurp xqhpsor|phqw wr hpsor|phqw li
wkh qr0pruh0ohdyh frqglwlrq lv wr eh ixooohg1 Dv hpsor|phqw lv dw d vwhdg| vwdwh ohyho/ d
kljkhu wudqvlwlrq ohyho iurp xqhpsor|phqw wr hpsor|phqw ohdgv wr pruh wudqvlwlrqv iurp
hpsor|phqw wr wkh surjudp1
L qw k hf d v hz k h u hw k hs u r j u d ps u r w h f w vw k hs d u w l f l s d q w vi u r px q h p s o r | p h q wz hk d y h
rewdlqhg wkh xqdpeljxrxv suhglfwlrq/ wkdw lqfuhdvhg uh0hpsor|phqw suredelolw| lqfuhdvhv
surjudp sduwlflsdwlrq1 Vxssohphqwhg zlwk wkh dvvxpswlrq wkdw uh0hpsor|phqw suredelolw|
ydulhv srvlwlyho| zlwk wkh wljkwqhvv ri wkh oderu pdunhw/ wkhvh wkhruhwlfdo frqvlghudwlrqv
kdyh jhqhudwhg wkh qhjdwlyh uhodwlrq ehwzhhq surjudp sduwlflsdwlrq dqg xqhpsor|phqw/
zklfk zdv ghvfulehg lq wkh hpslulfdo vhfwlrq1
Krzhyhu/ wkh uhyhuvh sdwwhuq ehwzhhq xqhpsor|phqw dqg surjudp sduwlflsdwlrq frxog
suhydlo/ li wkh odvw whup lq +45, lv qhjdwlyh dqg qxphulfdoo| odujhu wkdq wkh srvlwlyh uvw
whup1 D qhfhvvdu| frqglwlrq iru wklv fdvh lv wkdw wkh ulvn ri xqhpsor|phqw diwhu surjudp
sduwlflsdwlrq lv kljkhu wkdq wkh xqhpsor|phqw ulvn gxulqj hpsor|phqw1 Wkh uhdvrq iru
wklv uhdfwlrq fdq eh irxqg iurp wkh qr0pruh0ohdyh frqglwlrq +5,/ zklfk zdv frqyhuwhg lqwr
+43,1 Li d yduldeoh dhfwv wkh ydoxh ri hpsor|phqw  w rw k hv d p hg h j u h hd vl wd  h f w vw k h
y d o x hr iw k hs u r j u d p/l wg r h vq r wf k d q j hw k hu h o d w l y hp h u l w vr ir f f x s | l q jw k hw z rv w d w h v 1
Frqvhtxhqwo|/ rqo| yduldeohv wkdw kdyh d glhuhqwldo lpsdfw rq wkh ydoxhv ri  dqg  hqwhu
lq wkh frqglwlrq +43,1
Dq lqfuhdvhg wudqvlwlrq udwh iurp xqhpsor|phqw wr hpsor|phqw lqfuhdvhv wkh ydoxh
ri wkh hpsor|phqw vwdwh e| ? dqg lqfuhdvhv wkh ydoxh ri wkh surjudp vwdwh e| R1L i
wkh lqvwdqwdqhrxv xwlolw| lq wkh surjudp vwdwh lv kljkhu wkdw wkh lqvwdqwdqhrxv xwlolw| lq
hpsor|phqw/ lqfuhdvhg wudqvlwlrqv iurp xqhpsor|phqw wr hpsor|phqw zloo ghfuhdvh wkh
ydoxh ri wkh hpsor|phqw vwdwh uhodwlyh wr wkh surjudp vwdwh1 Iurp wkh odvw whup lq +43,
lw lv vhhq wkdw dq lqfuhdvh lq w ghfuhdvhv wkh ydoxh ri wkh hpsor|phqw vwdwh uhodwlyh wr wkh
surjudp vwdwh1 Vxfk dq lqfuhdvh lq wkh uh0hpsor|phqw suredelolw| zloo frqvhtxhqwo| ohdg
wr d ghfuhdvh lq wkh vhdufk udwh lq wkh fdvh zkhuh ? 	 R/ l1h1/ zkhq wkhuh lv d kljkhu ulvn
54ri xqhpsor|phqw lq wkh surjudp frpsduhg wr hpsor|phqw157
Dv hpskdvl}hg/ wkh suhylrxv dqdo|vlv kdv ehhq frqgxfwhg xqghu wkh vlpsoli|lqj dvvxps0
wlrq wkdw wkh pdujlqdo lqfuhdvh lq uh0hpsor|phqw suredelolw| glg qrw dhfw zdjh irupdwlrq
dqg hpsor|phqw1 Wr wkh h{whqw wkdw wkh zdjh ohyho lv dhfwhg/ wkh frqfoxvlrqv ri wkh iruh0
jrlqj dqdo|vlv derxw surjudp sduwlflsdwlrq zrxog kdyh wr eh prglhg1 Lq d whfkqlfdo
vhqvh/ wkh whupv rq wkh uljkw kdqg vlgh ri +45, duh vwloo suhvhqw lq vxfk dq h{whqghg dqdo|0
vlv/ exw vrph h{wud whupv kdyh wr eh dgghg/ zkhuh wkh vljqv ri wkhvh h{wud whupv ghshqg
rq zkhwkhu lqfuhdvhg uh0hpsor|phqw suredelolw| kdv d srvlwlyh ru qhjdwlyh hhfw rq wkh
zdjh ohyho1 Vr wkh suhvhqw dqdo|vlv lv d surehu vxevhw ri d pruh ixoo dqdo|vlv/ zkhuh zdjh
irupdwlrq lv wdnhq lqwr dffrxqw158 Iru wkh vdnh ri euhylw| wklv dqdo|vlv lv qrw suhvhqwhg
lq wkh suhvhqw frqwh{w/ dowkrxjk wkh hhfw ri vxfk d ohdyh vfkhph rq zdjh irupdwlrq lv
reylrxvo| dq lpsruwdqw dvshfw lq d ixoo hydoxdwlrq ri wkh surjudp159
Wkh suhylrxv dqdo|vlv kdv grfxphqwhg wkh srvvlelolw| ri h{sodlqlqj wkh revhuyhg eh0
kdylru xqghu wkh dvvxpswlrq ri krprjhqrxv zrunhuv1 Xqghu fhuwdlq frqglwlrqv/ wkh vhdufk
prgho suhvhqwhg jhqhudwhg d srvlwlyh dvvrfldwlrq ehwzhhq wkh wljkwqhvv ri wkh oderu pdu0
nhw dqg surjudp sduwlflsdwlrq1 Wkh frqvwuxfwlrq ri d vhdufk prgho wkdw lv deoh wr h{sodlq
wkh hpslulfdo skhqrphqrq xqghu lqyhvwljdwlrq lv qrw d surri wkdw wklv olqh ri wkrxjkw lv
57Lq wklv frqqhfwlrq lw zrxog kdyh ehhq uhohydqw wr kdyh vrph nlqg ri lqglfdwlrq ri zkhwkhu wkh frqglwlrq
￿A+4 ￿ ￿,￿ lv olnho| wr eh ixo￿oohg ru qrw1 Wklv zdv d vx!flhqw frqglwlrq wr jhw d fohdu suhglfwlrq ri
wkh frqqhfwlrq ehwzhhq uh0hpsor|phqw suredelolw| dqg surjudp sduwlflsdwlrq zlwklq wkh iudphzrun ri
wklv prgho1 Krzhyhu/ lw lv gl!fxow wr dvvhvv zkhwkhu wkh frqglwlrq lv ixo￿oohg1 Dffruglqj wr DoeØn dqg
Vßuhqvhq +4<<;,/ wkh dqqxdo mre ghvwuxfwlrq udwh lq wkh Gdqlvk pdqxidfwxulqj vhfwru lv derxw 45 shufhqw/
l1h1 derxw wkh vdph dv lq wkh XV1 Exw wkhuh grhv qrw vhhp wr eh dq| hylghqfh derxw wkh pdjqlwxgh ri wkh
suredelolw| ri uhwxuq wr wkh rog mre diwhu surjudp sduwlflsdwlrq1
58Wkh h￿hfw ri oderu pdunhw surjudpv rq zdjh irupdwlrq kdv uhfhqwo| ehhq frqvlghuhg e| Khfnpdq hw
do1 +4<<;,1 Wkh khdglqj lv jhqhudo htxloleulxp dqdo|vlv ri oderu pdunhw lqwhuyhqwlrqv1 Wkhuh kdv ehhq
vhyhudo dwwhpswv e| Vfdqglqdyldq hfrqrplvwv wr wudfh vxfk zdjh h￿hfwv ri oderu pdunhw surjudpv dw wkh
pdfur ohyho1 Vxfk dq dwwhpsw rqo| pdnhv vhqvh zkhq sduwlflsdwlrq lq oderu pdunhw surjudpv lv uhdvrqdeo|
odujh1 Wkh uhodwlyh pdjqlwxgh ri oderu pdunhw surjudpv lq Vfdqglqdyld lv frqvlghudeo| odujhu wkdq lq wkh
XV/ vxfk wkdw lw frxog eh h{shfwhg wkdw wkhvh surjudpv kdyh dq h￿hfw rq wkh jhqhudo zdjh ohyho lq frqwudvw
wr wkh zdjh dqg hpsor|phqw ohyho iru vshfl￿f jurxsv1
59Dv fdvxdo hylghqfh iru wkh hpslulfdo uhohydqfh ri zdjh irupdwlrq lq wklv frqwh{w/ lw frxog eh phqwlrqhg
wkdw wkh plqlpxp xqhpsor|phqw udwh ri 316 shufhqw lq Wdeoh D4 ehorqjv wr wkh xqhpsor|phqw lqvxudqfh
ixqg uxq e| wkh xqlrq iru qxuvhv1 Wkh qxuvhv dovr kdyh wkh pd{lpxp wudqvlwlrq udwh lqwr wkh sdlg ohdyh
vfkhph/ zklfk grhv qrw uhtxluh wkh frqvhqw ri wkh hpsor|hu1 D vkruw wlph diwhu wkh lqwurgxfwlrq ri wkh sdlg
ohdyh vfkhphv/ wkhuh zdv dq lq rz ri Vzhglvk qxuvhv wr wkh krvslwdov ri Frshqkdjhq/ dqg lq wkh vrxwkhuq
sduw ri pdlqodqg Ghqpdun/ Gxwfk vshdnlqj qxuvhv vxevwlwxwhg wkh Gdqlvk rqhv rq sdlg ohdyh1 Dw wkh
fhqwudol}hg edujdlqlqj urxqg ri 4<<8/ wkh xqlrq iru qxuvhv ghpdqghg d 48 shufhqw lqfuhdvh lq zdjhv iurp
wkhlu sxeolf hpsor|huv/ zkloh wkh uhvw ri wkh xqlrqv vhwwohg iru derxw 7 shufhqw1 Hyhqwxdoo|/ edujdlqlqj
zdv vxvshqghg e| wkh Gdqlvk sduoldphqw dqg d +ihpdoh, mxgjh zdv dssrlqwhg wr ghflgh wkh zdjh ohyho/ dq
h{wudruglqdu| hyhqw lq wkh Gdqlvk klvwru| ri oderu uhodwlrqv1
55wkh uhohydqw rqh1 Zlwk wkh suhvhqw nqrzohgjh lw lv qrw nqrzq zkhwkhu wkh frqglwlrqv duh
ixooohg ru qrw/ dqg rwkhu phfkdqlvpv frxog dovr eh dw sod|1
8 Zrunhu khwhurjhqhlw|
Olqhv ri wkrxjkw rwkhu wkdq vhdufk wkhru| zlwk krprjhqhrxv zrunhuv frxog dovr eh uhohydqw
lq dwwhpswv wr h{sodlq wkh qhjdwlyh dvvrfldwlrq ehwzhhq oderu pdunhw wljkwqhvv dqg surjudp
sduwlflsdwlrq1 Vhdufk wkhru| vhhpv wr eh wkh rqo| olqh ri wkrxjkw wkdw fdq h{sodlq wkh
skhqrphqrq xqghu wkh dvvxpswlrq ri krprjhqhrxv zrunhuv1 Uhod{lqj wklv dvvxpswlrq/
wkh rwkhu h{sodqdwlrqv glvfxvvhg lq wklv vhfwlrq lqyroyh wkh lqwurgxfwlrq ri ydulrxv nlqgv
ri khwhurjhqhlw| dprqj zrunhuv zlwk uhvshfw wr wkh surshqvlw| wr sduwlflsdwh lq wkh sdlg
ohdyh surjudp1
Iluvw frqvlghu wkh vlwxdwlrq zkhuh zrunhuv glhu ehwzhhq xqlrqv exw duh lghqwlfdo zlwklq
hdfk xqlrq1 D qhjdwlyh uhodwlrqvkls ehwzhhq oderu pdunhw wljkwqhvv dqg sdlg ohdyh sdu0
wlflsdwlrq zrxog uhtxluh d sduwlfxodu vruwlqj ri zrunhuv dfurvv xqlrqv1 Zrunhuv zlwk orz
lqfolqdwlrq wr sduwlflsdwh lq sdlg ohdyh kdyh wr eh vlwxdwhg lq xqlrqv zlwk kljk xqhpsor|0
phqw/ zkloh wkh xqlrqv zlwk orz xqhpsor|phqw frqvlvw ri zrunhuv zlwk d kljk surshqvlw|
wr sduwlflsdwh lq wkh sdlg ohdyh vfkhphv1 Li wkhuh lv vx!flhqw shuvlvwhqfh lq xqhpsor|phqw
dfurvv xqlrqv/ vxfk d vruwlqj frxog wdnh sodfh zkhq wkh rffxsdwlrqdo fkrlfh ri wkh zrunhuv
duh pdgh1 Exw wklv w|sh ri vruwlqj/ dffruglqj wr xqrevhuydeoh fkdudfwhulvwlfv/ zrxog hq0
wdlo wkdw wkh zrunhuv zlwk d kljk lqfolqdwlrq wr hvfdsh zrun fkrvh xqlrqv zlwk wkh orzhvw
xqhpsor|phqw udwhv1 Vwdwhg wklv zd|/ wklv h{sodqdwlrq lv pruh ru ohvv vhoi0frqwudglfwru|1
Krzhyhu/ rqh zrxog h{shfw wkdw shuvlvwhqw glhuhqfhv lq xqhpsor|phqw ehwzhhq xqlrqv
duh dvvrfldwhg zlwk rwkhu wudlwv wkdw frpshqvdwh iru wkhvh glhuhqfhv/ vxfk dv zdjh ohyhov
dqg zrunlqj frqglwlrqv1 Li zdjhv shuirup wkdw uroh/ wkh zdjh ohyho lv kljk lq wkh kljk xq0
hpsor|phqw xqlrqv zkloh zrunhuv lq wkh orz xqhpsor|phqw xqlrqv kdyh orz zdjh ohyhov1
Wklv lpsolhv wkdw wkh dwwudfwlyhqhvv ri surjudp sduwlflsdwlrq/ dv phdvxuhg e| wkh frpshq0
vdwlrq ohyho uhodwlyh wr wkh zdjh ohyho/ zrxog eh kljkhvw iru xqlrqv zlwk orz xqhpsor|phqw
dqg orzhvw iru xqlrqv zlwk kljk xqhpsor|phqw1
Wr wkh h{whqw wkdw wkhuh lv vxfk d uhodwlrqvkls/ lw pljkw kdyh ehhq fdswxuhg lq wkh
hpslulfdo dqdo|vlv li d pruh suhflvh phdvxuh ri wkh frpshqvdwlrq ohyho zhuh dydlodeoh1 Wkdw
lv/ li wkh frpshqvdwlrq ohyho uhodwlyh wr wkh zdjh ohyho lq wkh lqglylgxdo xqlrqv hqwhuhg dv
56dq h{sodqdwru| yduldeoh lqvwhdg ri wkh suhvhqw yduldeoh/ zklfk phdvxuhv wkh hfrqrp|0zlgh
dwwudfwlyhqhvv ri wkh glhuhqw vfkhphv1 Krzhyhu/ hyhq wkrxjk d pruh suhflvh yduldeoh iru
wkh frpshqvdwlrq ohyho zrxog suredeo| lpsuryh wkh hpslulfdo htxdwlrqv/ lw vhhpv kljko|
xqolnho| wkdw fruuhodwlrq ehwzhhq wkh frpshqvdwlrq ohyho dqg xqhpsor|phqw dfurvv xqlrqv
vkrxog eh vr vwurqj/ wkdw wkh gluhfw lq xhqfh iurp xqhpsor|phqw rq surjudp sduwlflsdwlrq
zrxog eh uhpryhg dowrjhwkhu15:
Dqrwkhu srvvlelolw| lv wkdw ehwwhu zrunlqj frqglwlrqv frpshqvdwh iru kljk xqhpsor|0
phqw lqvwhdg ri kljk zdjh ohyhov1 Wklv w|sh ri frpshqvdwlrq frxog dovr jhqhudwh d qhjdwlyh
uhodwlrqvkls ehwzhhq xqhpsor|phqw dqg surjudp sduwlflsdwlrq/ dv wkh zrunhuv lq wkh orz
xqhpsor|phqw xqlrqv zlwk wkh zruvw zrunlqj frqglwlrqv pljkw eh pruh lqfolqhg wr hqwhu
wkh sdlg ohdyh vfkhph1 Wkhuh grhv qrw vhhp wr eh dq| hylghqfh rq wkh uhodwlrqvkls ehwzhhq
zrunlqj frqglwlrqv dqg xqhpsor|phqw udwhv dfurvv xqlrqv rq wkh Gdqlvk oderu pdunhw1
Dowhuqdwlyho|/ lw frxog eh dvvxphg wkdw zrunhuv duh khwhurjhqhrxv zlwklq xqlrqv/ exw
wkdw wkh glvwulexwlrq ri khwhurjhqhlw| zlwk uhvshfw wr surshqvlw| wr sduwlflsdwh lv lghqwlfdo
dfurvv xqlrqv1 Lq wklv fdvh wkh wljkwqhvv ri wkh oderu pdunhw kdv wr hhfw wkh pdujlq zkhuh
zrunhuv fkrvh wr sduwlflsdwh lq wkh sdlg ohdyh vfkhph1 Wklv frxog eh wkh fdvh li wkhuh duh
uhvwulfwlrqv rq wkh fkrlfh ri zrunhuv ehwzhhq zrun dqg qrq0zrun1
Li zrunhuv gr qrw ghflgh zrunlqj krxuv/ wkh sdlg ohdyh vfkhph rshqv xs dq rssruwxqlw|
wr uhgxfh wkh qxpehu ri zrunlqj krxuv wr }hur rq d idyrudeoh ohyho ri frpshqvdwlrq gxulqj
shulrgv ri devhqfh iurp hpsor|phqw1 Gdqlvk froohfwlyh djuhhphqwv ehwzhhq hpsor|huv dqg
xqlrqv w|slfdoo| frqwdlq surylvlrqv zklfk hqdeoh hpsor|huv wr xqlodwhudoo| dvvljq zrunhuv
wr d fhuwdlq dprxqw ri ryhuwlph zrun1 Li wkh qxpehu ri zrunlqj krxuv/ lqfoxglqj ryhuwlph/
h{fhhgv wkh ohyho ghvluhg e| zrunhuv/ wkh sdlg ohdyh vfkhph rshqv xs d qhz srvvlelolw| wr
dgmxvw wkh qxpehu ri zrunlqj krxuv1 Dv ryhuwlph lv prvw suhydohqw lq wljkw oderu pdunhwv/
rqh zrxog h{shfw wkdw lqfuhdvhg wljkwqhvv ohdgv wr kljkhu sduwlflsdwlrq udwhv lq wkh sdlg
ohdyh vfkhphv1
Zrunhuv zkr zlvk wr ohdyh hpsor|phqw iru d vkruwhu ru orqjhu shulrg frxog dowhuqdwlyho|
frqvlghu ohdylqj zrun dqg froohfwlqj xqhpsor|phqw ehqhwv1 Lq wklv fdvh/ wkh zrunhu ulvnv
ehlqj h{srvhg wr uhvwulfwlrqv hqirufhg e| wkh oderu pdunhw dxwkrulwlhv/ zklfk kdyh hqdfwhg
surylvlrqv vwdwlqj wkdw zrunhuv rq xqhpsor|phqw ehqhw kdyh wr dffhsw mre rhuv iurp wkh
oderu h{fkdqjh r!fhv1 Dv mre rhuv duh pruh olnho| lq d wljkw oderu pdunhw/ wkh zrunhu kdv/
5:Dfwxdoo|/ rqh frxog txhvwlrq wkh dvvxpswlrq wkdw zdjhv frpshqvdwh iru gl￿huhqw ohyhov ri xqhpsor|0
phqw1 Uhjuhvvlrqv ri wkh zdjh ohyho rq wkh xqhpsor|phqw ohyho lq gl￿huhqw vhjphqwv ri wkh Gdqlvk oderu
pdunhw w|slfdoo| frph rxw zlwk qhjdwlyh frh!flhqwv/ vhh DoeØn hw do1 +4<<<,1
57lq wklv fdvh/ d kljk ulvn ri ehlqj vhqw edfn wr zrun djdlq1 Vr wkh sdlg ohdyh vfkhph frxog dfw
dv d vxevwlwxwh iru xqhpsor|phqw lq wljkw oderu pdunhwv15; Lw lv zruwk hpskdvl}lqj wkdw wklv
h{sodqdwlrq suhvxssrvhv wkdw wkh frqwuro v|vwhp ri xqhpsor|hg zrunhuv dfwxdoo| ixqfwlrqv
lq d wljkw oderu pdunhw/ vxfk wkdw uhoxfwdqw zrunhuv vdwlvhg zlwk xqhpsor|phqw ehqhwv
duh dfwxdoo| dvvljqhg zrun1 Dv wkh Gdqlvk xqhpsor|phqw ehqhw v|vwhp lv frpsdudwlyho|
jhqhurxv lq vhyhudo glphqvlrqv/ wkh h{whqw wr zklfk wklv lv wkh fdvh kdv ehhq xqghu ghedwh1
Wkhvh frqvlghudwlrqv ri zrunhu khwhurjhqhlw| vkrz wkdw vhyhudo h{sodqdwlrqv iru wkh re0
vhuyhg dvvrfldwlrq ehwzhhq oderu pdunhw wljkwqhvv dqg surjudp sduwlflsdwlrq duh srvvleoh1
Z l w kw k hs u h v h q wn q r z o h g j hl wl vg l ! f x o ww rh y d o x d w hw k hu h o d w l y hp h u l w vr iw k hg l  h u h q w
h{sodqdwlrqv1
9F r q f o x v l r q
D oderu pdunhw vfkhph vxfk dv wkh sdlg ohdyh vfkhph/ rshqv xs qhz srvvlelolwlhv iru oderu
pdunhw sduwlflsdqwv/ zklfk kdv d srwhqwldo lpsdfw iru wkh fkrlfh ri zrunhuv lq vhyhudo
lpsruwdqw glphqvlrqv1 Lw lv frqfhlydeoh wkdw wkh vfkhph kdv frqvhtxhqfhv iru oderu irufh
sduwlflsdwlrq/ dqg lw lqwurgxfhv dq lqfhqwlyh iru |rxqjhu zrunhuv wr srvwsrqh hgxfdwlrq lq
rughu wr wdnh dgydqwdjh ri wkh jhqhurxv frpshqvdwlrq ohyho1 Lq d eurdghu glvfxvvlrq ri wkh
phulwv ri wkh vfkhphv lw frxog eh uhohydqw wr wdnh d forvhu orrn dw wkh fkdudfwhulvwlfv ri wkh
sduwlflsdqwv dqg wu| wr dvvhvv wkh rxwfrph ri sduwlflsdwlrq zlwk uhvshfw wr surgxfwlylw|/
oderu pdunhw d!oldwlrq/ hwf1
Wkh suhvhqw dqdo|vlv kdv frqfhqwudwhg rq rqh sduwlfxodu dvshfw ri sduwlflsdwlrq/ wkh
frqqhfwlrq ehwzhhq wkh ghflvlrq wr sduwlflsdwh dqg oderu pdunhw wljkwqhvv1 D pdlq frq0
foxvlrq iurp wkh hpslulfdo dqdo|vlv lv wkdw vpdoo xqhpsor|phqw udwhv hqwdlo kljk surjudp
sduwlflsdwlrq/ zkloh kljk xqhpsor|phqw udwhv pdnh wkh zrunhuv pruh khvlwdqw wr mrlq wkh
sdlg ohdyh vfkhphv1 Wklv lv d sdwwhuq wkdw lv yhu| fohdu lq wkh furvv0vhfwlrqdo glphqvlrq ri
sdlg ohdyh sduwlflsdwlrq dfurvv glhuhqw xqhpsor|phqw lqvxudqfh ixqgv zklfk duh dvvrfl0
dwhg zlwk wkh wudgh xqlrqv1
5;Dqdo|vlv ri kd}dug udwhv iru xqhpsor|phqw vshoov rq wkh Gdqlvk oderu pdunhw vkrz wkdw kdylqj fkloguhq
kdv d qhjdwlyh h￿hfw rq wkh kd}dug udwh iru prwkhuv dqg d srvlwlyh h￿hfw iru pduulhg phq zlwk fkloguhq/
zklfk lv dovr d w|slfdo sdwwhuq rewdlqhg iru rwkhu frxqwulhv1 Dv rqh ri wkh vfkhphv lv lqwhqghg iru fklog
fduh/ wklv sdwwhuq pljkw eh wdnhq dv d sduwldo vxssruw iru wkh uhohydqfh ri sdlg ohdyh sduwlflsdwlrq dv d
vxevwlwxwh iru xqhpsor|phqw1
58Sduwlflsdwlrq lq wkh surjudpv lv vhqvlwlyh wr wkh frpshqvdwlrq ohyho dvvrfldwhg zlwk
wkh vfkhphv1 Wkh uhgxfwlrq ri wkh frpshqvdwlrq ohyho iru wkuhh ri wkh vfkhphv duh dvvrfl0
dwhg zlwk d uhgxfwlrq lq wkh wudqvlwlrq udwh iurp hpsor|phqw/ zkloh wkh vfkhph zlwk dq
xqdowhuhg frpshqvdwlrq ohyho h{shulhqfhg dq lqfuhdvhg sduwlflsdwlrq1
Wkh sduwlfxodu frpelqdwlrq ri uhgxfhg frpshqvdwlrq ohyho dqg idoolqj xqhpsor|phqw
ohyho ryhu wlph fdxvhv sureohpv iru wkh lghqwlfdwlrq ri wkh uhohydqw sdudphwhuv lq wkh
wlph vhulhv glphqvlrq1 Wkh hylghqfh iurp wkh wlph0vhulhv glphqvlrq zlwk uhvshfw wr wkh
uhodwlrqvkls ehwzhhq surjudp sduwlflsdwlrq dqg oderu pdunhw wljkwqhvv lv wkhuhiruh pruh
pl{hg1
D pdlq lghd ehklqg wkh lqwurgxfwlrq ri sdlg ohdyh iru hpsor|hg zrunhuv zdv/ wkdw
wudqvlwlrqv lqwr wkh surjudpv frxog pdnh urrp iru xqhpsor|hg zrunhuv dv vxevwlwxwhv iru
w k hs d u w l f l s d q w vl qw k hs u r j u d p v 1W k l vl vdo l q hr iw k r x j k wz k l f kk d vp r v wu h o h y d q f hz k h q
wkh xqhpsor|phqw udwh lv kljk/ zkloh wkh ydolglw| ri wkh dujxphqw lv txhvwlrqdeoh lq wkh
fdvh ri d wljkw oderu pdunhw1 Lv lv glvwxuelqj iru wklv nlqg ri uhdvrqlqj/ wkdw surjudp
sduwlflsdwlrq lv orz zkhq xqhpsor|phqw udwhv duh kljk/ zkloh orz xqhpsor|phqw udwhv
lqfuhdvhv wkh dwwudfwlyhqhvv ri wkh vfkhph iru hpsor|hg zrunhuv/ dv vkrzq lq wkh hpslulfdo
dqdo|vlv lq wklv sdshu1
Surjudp sduwlflsdwlrq lv orz/ suhflvho| lq wkrvh oderu pdunhw vwdwhv/ zkhuh wkh surjudp
kdv d srwhqwldo wr shuirup dv d uhphg|1 Lq frqwudvw/ sduwlflsdwlrq lv kljk lq suhflvho| wkrvh
vwdwhv/ zkhuh wkh surjudp fdq djjudydwh wkh shuirupdqfh ri wkh oderu pdunhw1 Lq vlwxdwlrqv/
zkhuh hpsor|huv kdyh gl!fxow| lq oolqj ydfdqflhv/ wkh h{rgxv iurp wkh zrun sodfh pdnhv
lw hyhq pruh gl!fxow wr oo ydfdqflhv1
Wklv dovr hqwdlov wkdw wkh sdlg ohdyh vfkhphv kdyh wkh srwhqwldo iru dfwlqj dv d glvwxuelqj
hohphqw lq wkh zdjh irupdwlrq surfhvv ri wkh hfrqrp|1 Wkh glvshuvlrq ri xqhpsor|phqw
udwhv dfurvv glhuhqw jurxsv rq wkh oderu pdunhw fuhdwhv dq dv|pphwu| lq wkh zdjh suhvvxuh
dfurvv wkh jurxsv1 Wr wkh h{whqw wkdw wkh sdlg ohdyh vfkhph lqfuhdvhv wkh glvshuvlrq lq
xqhpsor|phqw udwhv/ wkh surjudp zloo/ fhwhulv sdulexv/ dovr lqfuhdvh wkh dv|pphwu| lq
zdjh suhvvxuh dfurvv oderu pdunhw jurxsv1
Iru wkh wkuhh vfkhphv wkdw duh frpsdudeoh lq wkh wlph vhulhv glphqvlrq/ wkh uhodwlrqvkls
ehwzhhq xqhpsor|phqw dqg sduwlflsdwlrq lv sduwlfxodu vwurqj lq wkh fdvh zkhuh wkh zrunhu
kdv d uljkw wr sduwlflsdwh zlwkrxw wkh frqvhqw ri wkh hpsor|hu/ zkloh wkh uhodwlrqvkls lv
vrphzkdw zhdnhu iru wkh rwkhu wzr vfkhphv/ zkhuh sduwlflsdwlrq kdv wr eh lq djuhhphqw
zlwk wkh hpsor|hu1 Rqh qdwxudo lqwhusuhwdwlrq lv/ wkdw wkh hpsor|huv sxw uhvwudlqwv rq wkh
zrunhuv surshqvlw| wr wudqvihu wr d sdlg ohdyh vfkhph zkhq uhsodfhphqw ri wkh zrunhu zlwk
59d vxevwlwxwh lv gl!fxow/ l1h1/ zkhq wkh xqhpsor|phqw udwh lv orz1 Wkh surylvlrq ri hpsor|hu
frqvhqw ehiruh wudqvlwlrq lqwr wkh sdlg ohdyh vfkhphv lv rqh ri wkh phdqv ri glplqlvklqj
wkh srwhqwldo kdupixo hhfwv rq wkh ixqfwlrqlqj ri wkh oderu pdunhw1
Vhyhudo h{sodqdwlrqv kdyh ehhq rhuhg iru wkh hpslulfdo skhqrphqrq wkdw d wljkwhu
oderu pdunhw vhhpv wr lqfuhdvh wkh dwwudfwlyhqhvv ri sduwlflsdwlrq lq vxfk d vfkhph1 Wkh
pdlq frqwhqghuv rhuhg duh/ wkdw d wljkw oderu pdunhw lqfuhdvhv wkh uh0hpsor|phqw sure0
delolw| diwhu sduwlflsdwlrq lq wkh vfkhphv/ dqg wkdw wkh vfkhphv pljkw dfw dv d vxevwlwxwh
iru xqhpsor|phqw ehqhw1 Zkdwhyhu wkh uhdvrqv duh iru wkh hpslulfdo skhqrphqrq/ hlwkhu
d gluhfw lq xhqfh iurp xqhpsor|phqw ru vrph rwkhu phfkdqlvpv wkdw duh dvvrfldwhg zlwk
wkh wljkwqhvv ri wkh oderu pdunhw/ wkh sduwlflsdwlrq sdwwhuq grhv qrw vhhp wr eh d khdowk|
rqh zlwk uhvshfw wr wkh shuirupdqfh ri wkh hfrqrp|1
Wkh ryhudoo hydoxdwlrq ri wkh sdlg ohdyh surjudp lv wkdw wkh surjudp lv qrw grlqj zkdw lw
zdv lqwhqghg wr gr1 Ixuwkhupruh/ lw lv qrw fohdu wkdw lw frxog srvvleo| eh zhoiduh0lpsurylqj
rwkhuzlvh1
Wkh sduwlfxodu sdlg ohdyh vfkhph zdv lpsohphqwhg rq d oderu pdunhw fkdudfwhul}hg e|
wkh devhqfh ri hpsor|phqw surwhfwlrq uxohv1 Lw pljkw eh wkdw vxfk uxohv pdnh hpsor|hg
zrunhuv pruh vhfxuh lq d vodfn oderu pdunhw diwhu wkh uhwxuq iurp d whpsrudu| ohdyh1 Li
wklv lv wkh fdvh/ lw lv frqfhlydeoh wkdw sdlg ohdyh sduwlflsdwlrq lq frxqwulhv zlwk vwulfwhu
hpsor|phqw surwhfwlrq odzv zrxog h{klelw d ohvv fohdu hpslulfdo sdwwhuq wkdq wkh rqh
suhvhqwhg lq wklv sdshu1 Wkh xqghuo|lqj whqghqflhv lq surjudp sduwlflsdwlrq frxog/ lq vxfk
fdvhv/ eh frqfhdohg e| wkh hhfwv ri hpsor|phqw surwhfwlrq uxohv1
Wkh suhvhqw dqdo|vlv rhuv d jhqhudo frqfoxvlrq iru srolflhv zklfk rshq xs rssruwxqlwlhv
iru whpsrudu| zlwkgudzdo iurp wkh oderu pdunhw1 Dv wklv vhhpv wr eh sduwlfxoduo| dwwudfwlyh
iru zrunhuv/ zkr/ iurp d eurdghu shuvshfwlyh/ rxjkw wr vwd| rq wkh mre/ lw lv dgylvdeoh wr
frqvlghu surylvlrqv olplwlqj wkh dffhvvlelolw| wr vxfk vfkhphv lq wljkw oderu pdunhwv lq rughu
wr uhgxfh wkh srwhqwldo dgyhuvh hhfwv rq wkh ixqfwlrqlqj ri wkh oderu pdunhw1
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D qhjdwlyh eldv lv rewdlqhg lq wkh fdvh zkhuh wkhuh lv qr frqqhfwlrq ehwzhhq wkh wljkwqhvv
ri wkh oderu pdunhw dqg sdlg ohdyh sduwlflsdwlrq dv K	q'f 1 Jhqhudoo|/ d qhjdwlyh eldv
lv wr eh h{shfwhg dv
4￿f
?f n q:flv d vwdelolw| frqglwlrq ri wkh prgho1




li wkh qrq0olqhdulwlhv ri wkh sureohp kdg ehhq devhqw1 Wkdw lv/ li  k d ge h h qw k h
uljkw kdqg vlgh yduldeoh lq wkh sdlg ohdyh htxdwlrq lqvwhdg ri *?/d q gl iRk d ge h h qw k h
ghshqghqw yduldeoh lqvwhdg ri ^1
Wkh odjjhg xqhpsor|phqw udwh 3￿ lv d ydolg lqvwuxphqw zkhq wkh fryduldqfh JE3￿c0'
fdqg JE3￿c:f1 Wklv iroorzv iurp wkh fdofxodwlrq JE3￿c^'qJE3￿cre0
wdlqhg iurp wkh sdlg ohdyh htxdwlrq1
Dsshqgl{ E= Dgglwlrqdo wdeohv
^Wdeoh D41 Vdpsoh phdq vwdwlvwlfv derxw khuh`1
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     Employed Yes Yes Yes Yes
     Unemployed Yes Yes No Yes
Duration, maximum, years a) ½½ 1 1
Duration, minimum, weeks 13 13 13 0
Consent of employed
required
No Yes Yes Yes
Restriction to insured
workers
No No Yes Yes
Compensation ratio per b)
1. January 1994 80 80 80 100
1. January 1995 70 70 70 100
1. April 1997 60 60 60 100
Notes:  a) If the child is above one year old, 13 weeks of leave is allowed in the
parental right scheme. When the options in the parental right scheme have been used,
the negotiated scheme for children becomes relevant. Paid leave is confined to parents
with children below 8 years. Each of the parents can obtain paid leave for each of
their children. The parental leave provisions described in this table are additional to
the ordinary leave provisions after births, where an allowance corresponding to the
maximum unemployment benefit is granted for half a year for the farther and mother
combined. The maximum duration for sabbatical and educational leave combined is
one year within a period of five years. b) The compensation level is the percentage of
the maximum unemployment benefit level, which is about 60 percent of the income of
an average production worker.32
Table 2: Inflow rates for employed females into different paid leave schemes of




























Root MSE 0.162 0.066 0.086 0.418
R-squared 0.480 0.238 0.229 0.090
















Root MSE 0.129 0.049 0.074 0.313
R-squared 0.691 0.609 0.459 0.523
Notes: Robust standard errors in parenthesis corrected for clustering at compensation
rate levels. * Significant at 5 percent level. ** Significant at 1 percent level. When the
compensation level enters as an explanatory variable, significance is evaluated from
the t-distribution with 2 degrees of freedom, as the number of clusters is 3. The
dependent variables are the inflow of employed female workers as a percentage of
employed females in the different unemployment insurance funds. The weights in the
regressions are the number of employed female members in the different
unemployment insurance funds. The fixed effect estimation is carried out as a least
square dummy variable estimation by including dummies for the unemployment
insurance funds. Instruments for the unemployment rate are unemployment rates in
the different unemployment insurance funds lagged up to four quarters.33
Table 3: Inflow rates for employed males into different paid leave schemes of




























Root MSE 0.042 0.022 0.084 0.281
R-squared 0.080 0.029 0.063 0.007
















Root MSE 0.027 0.017 0.071 0.230
R-squared 0.638 0.517 0.377 0.371
Notes: Robust standard errors in parenthesis corrected for clustering at compensation
rate levels. * Significant at 5 percent level. ** Significant at 1 percent level. When the
compensation level enters as an explanatory variable, significance is evaluated from
the t-distribution with 2 degrees of freedom, as the number of clusters is 3. The
dependent variables are the inflow of employed male workers as a percentage of
employed males in the different unemployment insurance funds. The weights in the
regressions are the number of employed male members in the different unemployment
insurance funds. The fixed effect estimation is carried out as a least square dummy
variable estimation by including dummies for the unemployment insurance funds.
Instruments for the unemployment rate are unemployment rates in the different
unemployment insurance funds lagged up to four quarters.34
Table A1: Sample mean statistics for quarterly transition rates from employment into
paid leave schemes and unemployment rates in Danish unemployment insurance
funds, percent, unweighted, 1994-97
Females Males
Mean Min. Median Max Mean Min. Median Max
1994:I-1994:IV
Leave schemes
Parental, Right 0.46 0.00 0.38 1.50 0.09 0.00 0.05 0.55
Parental, Neg. 0.18 0.00 0.14 1.77 0.03 0.00 0.01 0.20
Sabbatical 0.14 0.00 0.09 1.00 0.11 0.00 0.05 0.89
Education 0.23 0.00 0.13 5.00 0.17 0.00 0.08 1.63
Total 1.00 0.00 0.82 5.00 0.40 0.00 0.22 2.81
Unemployment 12.0 0.3 11.1 34.1 12.0 0.3 11.1 34.1
1995:I-1997:I
Leave schemes
Parental, Right 0.32 0.00 0.27 2.54 0.05 0.00 0.03 0.58
Parental, Neg. 0.16 0.00 0.13 1.44 0.02 0.00 0.01 0.33
Sabbatical 0.05 0.00 0.02 0.76 0.04 0.00 0.02 0.98
Education 0.45 0.00 0.29 5.25 0.37 0.00 0.23 4.05
Total 0.98 0.00 0.81 6.25 0.49 0.00 0.30 5.54
Unemployment 9.7 0.3 9.1 38.4 9.7 0.3 9.1 38.4
1997:II-1997:IV
Leave schemes
Parental, Right 0.35 0.00 0.29 1.26 0.04 0.00 0.02 0.31
Parental, Neg. 0.08 0.00 0.09 0.22 0.01 0.00 0.01 0.05
Sabbatical 0.01 0.00 0.01 0.18 0.01 0.00 0.01 0.06
Education 0.47 0.00 0.33 1.77 0.34 0.00 0.24 1.93
Total 0.92 0.00 0.79 2.66 0.40 0.00 0.26 2.18
Unemployment 7.5 0.3 6.9 20.5 7.5 0.3 6.9 20.5
Notes: The transition rates are the inflow of employed workers as a percentage of
employed workers in the different unemployment insurance funds, calculated
separately for female and male workers. Unemployment rates are the number of
unemployed members as a percentage of members in the 34 different unemployment
insurance funds. The time periods have been chosen to match the periods with
different levels of compensation for participating in the schemes, see Table 1 in the
text. Statistics on unemployment in the different unemployment insurance funds are
collected and published by Statistics Denmark. The information on participation in the
paid leave schemes has been obtained from the labor market authorities.Figure 1. Female transition from employment into paid leave


































Figure 2. States and transitions for paid
leave program 
P
v
p(c)
q
'
(1-)'